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(54) DISK DRIVE AND COMPUTER 

(57) A microcomputer (5) which is an integrated cir- 
cuit including an electrically erasable and programma- 
ble nonvolatile semiconductor memory (56) and a 
central processing unit (51) is used for control of a disk 
drive (2). The nonvolatile semiconductor memory holds 
an application program such as a recorded information 
reproducing control program in an application program 
area (561), and holds a reboot program used for updat- 
ing the application program in a reboot program area 
(560). The central processing unit executes the reboot 
program to rewrite the application program in whole or 
part, in response to a rewrite command for the applica- 
tion program which is supplied from the outside. 

Accordingly, even after the microcomputer is 
mounted in the disk drive, it is possible to rewrite the 
whole or part of the application program in the nonvola- 
tile semiconductor memory. At this time, since the 
reboot program area is not an area to be rewritten, even 
if an abnormality occurs during the rewriting of the non- 
volatile semiconductor memory, it is possible to immedi- 
ately transfer control to the operation of performing 
rewriting on the application program area, by again exe- 
cuting the reboot program. 
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Description 

Technical Field 

[0001] The present invention relates to a recorded 5 
information reproducing apparatus which uses a 
medium such as CD-ROM (Compact Disk-Read Only 
Memory), DVD (Digital Versatile Disk, Digital Video 
Disk), DVD-ROM, DVD-RAM, CDI (Compact Disk-Inter- 
active), DVI (Digital Video Interactive) or MOD (Magneto 10 
Optical Disk), an information recording/reproducing 
apparatus including such recorded information repro- 
ducing apparatus, and a disk drive which is a generic 
term for those apparatus, as well as a computer in 
which such disk drive is mounted, and also relates to an 15 
art which facilitates rewriting of a program for controlling 
a recorded information reproducing operation or the like 
of, for example, a CD-ROM drive mounted in a personal 
computer as standard equipment, and which is useful 
for applications to improve the reliability of rewriting. 20 

Background Art 

[0002] Disk drives such as CD-ROM drives have 
rapidly spread as recorded information reproducing 25 
apparatus to be interfaced with personal computers, 
game machines or the like. Because such CD-ROM 
drives or the like are based on standards for audio CD 
players, their data transfer speeds and data access 
speeds require to be increased, as compared with the 30 
audio CD players. In addition, as opposed to the audio 
CD players which can use processing such as interpo- 
lation of data or holding of previous values if data error 
cannot be corrected, such processing is meaningless to 
data for personal computers and it is necessary to 35 
increase the data error correcting capabilities of the CD- 
ROM drives. 

[0003] To increase data access speed, such a CD- 
ROM drive or the like has adopted the art of reading and 
reproducing recorded information while rotating a CD- 40 
ROM disk at a speed, for example, twice or four times as 
fast as its normal speed, as by raising the frequency 
band of a preamplifier for amplifying information read 
from the disk, reinforcing a pickup servo circuit, or 
increasing the operational speed of a digital signal 45 
processing circuit. Furthermore, the art of adding a 
quadruple error-correcting code to a double error-cor- 
recting code has been implemented to improve the error 
correcting capability of such a CD-ROM drive. 
[0004] However, today, the fact is that the speed of so 
reproduction of recorded information is being changed 
to a far faster speed within a short period, as repre- 
sented by CD-ROM drives. In the past, the reproducing 
speed was changed from standard speed (the linear 
velocity of an audio CD during reproduction) to double ss 
speed and then from double speed to quadruple speed, 
in a cycle of two or more years, but today, the reproduc- 
ing speed is being rapidly changed from sextuple speed 



to octuple speed or more in a cycle of several months. 
[0005] In such a situation, each time the reproduc- 
ing speed is increased, the manner of circuit control, cir- 
cuit constants or the like must be changed in a short 
period so as to change the frequency band or the gain 
of the preamplifier, to reinforce the pickup servo circuit, 
to increase the operational speed of the digital signal 
processing circuit, to optimize error-correcting process- 
ing, and so on. 

[0006] If microcomputers are to be used for 
recorded information reproduction control in CD-ROM 
drives or the like, their recorded information reproduc- 
tion control programs (including constant tables) must 
be changed. If such a program is to be provided in the 
form of a mask ROM, a mask pattern cannot be 
changed without a delay in the above-described 
extremely short cycle of change in the reproducing 
speed, i.e., an extremely short product cycle. 
[0007] Japanese Patent Laid-Open No. 6-187141 
discloses an arrangement in which a processing pro- 
gram for reproducing recorded information from a disk 
or recording information on a disk in a magneto optical 
disk drive is stored in a rewritable ROM to facilitate the 
bug-fixation or upgrading of the processing program. 
[0008] Specifically, the magneto optical disk drive 
includes a SCSI (Small Computer System interface) 
controller connected to a host and a driver connected to 
this controller, and firmware (processing program) for 
the controller is stored in a rewritable ROM and 
firmware for the driver is stored in an EEPROM (Electri- 
cally Erasable and Programmable ROM). If the firmware 
for the controller is to be rewritten, the host transfers the 
firmware for the controller to a buffer memory in the con- 
troller, and also transfers a write program stored in the 
ROM in the controller to a RAM in the controller, and 
then issues a command to the controller. When receiv- 
ing the command, the controller writes the contents of 
the ROM with the firmware for the controller stored in 
the buffer memory, in accordance with the rewrite pro- 
gram held in the RAM. At the same time as this rewrit- 
ing, the write program stored in the ROM is also 
updated. If the firmware for the driver is to be rewritten, 
the host transfers a rewrite program for the driver to the 
RAM of the controller via the buffer memory, and also 
transfers the firmware for the driver to the buffer mem- 
ory of the controller. Then, a CPU of the controller is 
made to execute the rewrite program stored in the RAM. 
The CPU of the controller sets the firmware for the 
driver and addresses in the RAM of the driver in accord- 
ance with the rewrite program, and then issues a com- 
mand to the CPU of the driver. The driver has a mask 
ROM which supports communication and basic com- 
mands, and the CPU of the driver which has received 
the command executes the program of the mask ROM 
and rewrites the contents of the EEPROM with the 
firmware for the driver stored in the RAM. 
[0009] However, in the above-described arrange- 
ment which updates the rewrite program stored in the 
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ROM, together with the firmware for the controller dur- 
ing the rewriting of the firmware for the controller, if an 
abnormality occurs and the rewrite program in the RAM 
is broken during the rewriting of the ROM, it is expected 
that it takes time to recover the controller to the normal 
state. 

[0010] In the arrangement in which a rewrite control 
program for the EEPROM and an interface program for 
rewriting are stored in the mask ROM separate from the 
EEPROM which holds the firmware for the driver, the 
mask ROM is needed in addition to the EEPROM, so 
that the physical scale of a system is increased. In addi- 
tion, although the mask ROM is externally attached to a 
microcomputer or a microprocessor which is a semicon- 
ductor integrated circuit, the amount of logic required for 
chip select control and the like over the externally 
attached memory increases, and in this respect as well, 
it is expected that the physical scale of the disk drive 
increases. 

[0011] In the above-described prior art, the 
firmware for the driver and the firmware for the controller 
are separately stored in the rewritable ROM and the 
EEPROM. The firmware for the driver is a control pro- 
gram which corresponds to the characteristics of a 
servo control circuit and the like included in the driver. 
The firmware for the controller is a control program for 
realizing interface specifications which correspond to 
the host. The reason why the processing programs for 
the magneto optical disk drive are separately stored in 
the rewritable ROM and the EEPROM is that the control 
program for the controller can be executed in conformity 
to interface specifications convenient for a driver adjust- 
ing operation during the manufacture of the magneto 
optical disk drive, and after the control program for the 
driver is set, the control program for the controller can 
finally be rewritten according to interface specifications 
intended for the desired host. This is intended to sim- 
plify adjustment operation and product control for the 
magneto optical disk drive. However, the present inven- 
tor has made it apparent that in the arrangement in 
which the control program for the controller and that for 
the driver are separately stored in the ROM and the 
EEPROM, the sequence of rewriting of the control pro- 
gram is complicated and it takes time to rewrite the con- 
trol program. 

[001 2] The rewrite program for the ROM of the con- 
troller is held in the ROM itself, and the rewrite program 
for the EEPROM of the driver is held in the mask ROM. 
As a result, if the CPU runs away during the operation of 
the magneto optical disk drive, the rewrite program 
stored in the magneto optical disk drive itself is undesir- 
ably executed, so that the contents of the ROM or the 
EEPROM may also be broken. 
[0013] In order to facilitate the operation of chang- 
ing the processing program and the like of a disk drive, 
the present inventor performed further investigations 
from the viewpoint of the disk drive itself and from the 
viewpoint of an interface with a host. 



[0014] In the first place, the present inventor inves- 
tigated a case in which a microcomputer in which an 
electrically erasable and programmable nonvolatile 
memory was built was used for control of the disk drive, 

5 and an application program for the disk drive and an 
input control program for controlling the fetch of a down- 
loaded application program were stored in the nonvola- 
tile memory and, if necessary, a rewrite control program 
was also stored in the same. In this case, the applica- 

w tion program is a program which includes a processing 
program for disk access (access control program) and 
an external interface processing program for the disk 
drive (interface processing program). 
[0015] In the above case, the present inventor 

15 made it apparent that there still were several problems 
to be solved. 

[0016] One problem is that if the disk drive itself 
holds the write control program and the input control 
program, the write control program and the input control 

20 program must not be unrecoverably broken or lost dur- 
ing the writing of the application program. If the write 
control program or the input control program is broken 
or lost, it becomes difficult to subsequently rewrite the 
application program. 

25 [0017] Another problem is that the rewrite control 
program and the input control program which are held in 
the nonvolatile memory of the microcomputer itself must 
be highly reliable. 

[0018] In the second place, the present inventor 
30 investigated an art which makes it possible to easily 
change the application program and the like, in view of 
a situation in which computers such as personal com- 
puters are provided with disk drives as standard equip- 
ment. 

35 [0019] Today, almost all hard disk interfaces for 
computers such as personal computers (hereinafter 
also referred to simply as PCs) conform to IDE (Inte- 
grated Device Electronics), and PC (Personal Compu- 
ter) boards have a plurality of (for example, four) IDE 

40 interface ports. A description of IDE is given in NIKKEI 
ELECTRONICS, pages 67-96 (published by Nikkei 
Business Publications, Inc., June 6, 1994). The term 
"IDE" used herein includes not only IDE but also a con- 
cept such as a so-called enhanced IDE which is also 

45 called "FAST ATA", "Enhanced IDE" or "Extended IDE" 
In the IDE interface specifications, the length of an inter- 
face cable is extremely limited, and the interface cable 
can normally be used as an interface with a peripheral 
mounted in the case of a PC. Today, almost all PCs have 

so CD-ROM drives in their expansion slots or drive bays as 
standard equipment, but in the past, CD-ROM drives 
were generally externally attached as an option. For this 
reason, interface specifications for CD-ROM drives ini- 
tially developed in conformity to SCSI or SCSI2. 

55 [0020] However, the SCSI interface is generally 
regarded as an optional interface, and if a CD-ROM 
drive is to be connected via the SCSI interface, a SCSI 
interface board or a SCSI interface PC card are espe- 



3 



5 



EP1 008 928 A1 



6 



daily needed, so that costs increase as a whole. In gen- 
eral, IDE controller LSIs (Large Scale Integrated 
circuits) are inexpensive compared to SCSI controller 
LSIs. 

[0021] To cope with this problem, ATAPI (ATA 5 
Packet Interface) has been adopted, and interfaces with 
PC boards have been realized in conformity to the IDE 
specifications, and commands conforming to SCSI or 
SCSI2 have been adopted. Owing to ATAPI, a CD-ROM 
drive can be mounted in a PC without the need for a 10 
dedicated special interface circuit, and furthermore, 
commands conforming to SCSI which was used in the 
age of SCSI interface as a standard command set can 
be used without modification. Specifically, ATAPI makes 
it possible to adopt a new interface such as enhanced 15 
IDE while inheriting the past software property for CD- 
ROM drives, and furthermore makes it possible to real- 
ize a cost reduction. Accordingly, today, almost all inter- 
face specifications which are adopted by CD-ROM 
drives mounted in PCs as standard equipment are the 20 
ATAPI interface specifications (extended specifications 
of IDE). 

[0022] Many PC makers use ATAPI interfaces to 
mount CD-ROM drives in PCs as standard equipment, 
but in the present situation in which the cycle of change 25 
of CD-ROM reproducing speed is extremely short, as 
the period of evaluation of CD-ROM drives becomes 
longer, it becomes more difficult for PC makers to effi- 
ciently market PCS provided with CD-ROM drives of 
faster reproducing speed. 30 
[0023] There are several causes which are 
expected to increase the period of evaluation of a CD- 
ROM drive in a PC maker. 

[0024] In first place, since an ATAPI CD-ROM drive 
is mounted in a PC as standard equipment, the case of 35 
the PC needs to be decomposed when the CD-ROM 
drive is to be removed. 

[0025] In the second place, because of the 
extremely short cycle of change of reproducing speed, 
the period required for a drive maker to develop a 40 
processing program for a CD-ROM drive becomes 
short, and it is expected that bug fixation is frequently 
performed. 

[0026] In the third place, because of the extremely 
short cycle of change of reproducing speed, a drive 45 
maker cannot immediately improve the performance of 
the application program, and needs to send only hard- 
ware to a PC maker in advance and later send the appli- 
cation program to the PC maker on stepwise fashion, 
thereby finishing a CD-ROM drive. For example, in the so 
case of a 24 x CD-ROM drive, the following stepwise 
process is performed: the drive maker sends to the PC 
maker an application program for a 20 x reproducing 
speed which can run on the same hardware, then sends 
an application program for a faster 24 x access speed to 55 
the PC maker, and finally sends a high-performance 
application program in which logically insufficient points 
are improved or tuned. Otherwise, in the case of the 24 



x CD-ROM drive, the drive maker sends an application 
program for a minimum 1 x reproducing speed and a 
maximum 24 x reproducing speed to the PC maker, and 
then stepwise finishes an application program for an 
intermediate speed and provides it to the PC maker. 
[0027] In the fourth place, if a CD-ROM drive which 
adopts the ATAPI interface is to be mounted in a PC as 
standard equipment, the CD-ROM drive is prepared as 
a device dedicated to a particular PC, so that the con- 
tents of the application program of the CD-ROM drive 
tend to be increasingly individualized for each PC type 
or PC maker. For example, many drive makers deliver 
standard-speed CD-ROM drives to PC makers as prod- 
uct samples, but if the respective PC makers have dif- 
ferent drive specifications, the drive makers need to 
prepare additional drive specifications. One example of 
specifications which differ among PC makers is a repro- 
ducing control method for a disk which suffers from 
eccentricity, surface unevenness or the like. For a disk 
which suffers from eccentricity or surface unevenness, a 
CD-ROM drive normally automatically decreases its 
reproducing speed to a level at which the CD-ROM 
drive can read the disk. However, when to increase the 
reproducing speed from the decreased level differs 
among the specifications of PC makers, and there is a 
case in which the reproducing speed is restored when 
the next read command is received, or a case in which 
the reproducing speed is not increased with respect to 
such a disk. Further, there is a case in which the repro- 
ducing speed is restored by using a vendor unique com- 
mand. Otherwise, there is an art which provides 
reproduction control on a disk by combining linear 
velocity constant control and angular velocity constant 
control, and the linear velocity constant control and the 
angular velocity constant control are switched therebe- 
tween in various manners. 

[0028] In addition, after a PC which has an ATAPI 
CD-ROM drive as standard equipment has been pro- 
vided to an end user, a situation in which the CD-ROM 
disk cannot reproduce all disks may occur as the result 
of an improvement in reproducing speed or the spread 
of CD-R (Compact disc-Recordable). In this case as 
well, it is desirable that the end user can efficiently 
update the application program. 
[0029] As is apparent from the above description, in 
the situation in which the cycle of change of reproducing 
speed in a CD-ROM drive is extremely short and a CD- 
ROM drive is mounted in a personal computer as stand- 
ard equipment, a CD-ROM drive maker must prepare 
application programs which have different specifications 
for individual PC makers, in a short period. Each PC 
maker can evaluate a CD-ROM drive in a short period, 
and absolutely needs to efficiently evaluate the CD- 
ROM drive on a PC while receiving a bug-fix of the 
application program from the CD-ROM drive maker 
throughout an evaluation period. Accordingly, there are 
extremely great demands for efficient modification of 
application programs of CD-ROM drives. 
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[0030] An object of the present invention is to make 
it possible to efficiently modify the whole or part of an 
application program which includes processing pro- 
grams for disk access control and interface control of a 
disk drive. 5 
[0031] Another object of the present invention is to 
provide a disk drive which is capable of easily rewriting 
the whole or part of the application program without 
increasing the physical scale of the disk drive. 
[0032] Yet another object of the present invention is w 
to provide a disk drive which is capable of improving the 
reliability of rewriting of the application program. 
[0033] Yet another object of the present invention is 
to provide a disk drive which makes it possible to per- 
form prior mass production of hardware such as 15 
recorded information reproducing apparatus or disk 
drives and subsequently modify the whole or part of the 
application program within a period immediately before 
delivery, thereby enabling a reduction in the period of 
development of the disk drive. 20 
[0034] Yet another object of the present invention is 
to provide a disk drive which can be expanded into var- 
ious kinds of products based on the same hardware. 
[0035] Yet another object of the present invention is 
to provide a computer such as a personal computer 25 
which makes it possible to modify the whole or part of 
the application program of a recorded information repro- 
ducing apparatus or a disk drive even if the disk drive is 
incorporated in the computer (i.e., without removing the 
disk drive). 30 
[0036] An additional object of the present invention 
is to make it possible to efficiently market a computer in 
which a disk drive having a fast reproducing speed is 
incorporated as standard equipment, even in a situation 
in which the cycle of change of reproducing speed is 35 
extremely short. 

[0037] The above and other objects and novel fea- 
tures of the present invention will become apparent 
from the following description given herein. 

40 

Disclosure of the Invention 

[0038] A microcomputer which includes an electri- 
cally erasable and writable nonvolatile memory in a 
built-in form is adopted for control of a disk drive, and 45 
the nonvolatile memory has an application program 
area which holds an application program including a 
processing program for disk access and interface con- 
trol, and a reboot program area which holds a reboot 
program to be used for updating the whole or part of the so 
application program. 

[0039] More specifically, a disk drive comprises 
access means for accessing a disk which is rotationally 
driven, an interface circuit connected to the access 
means and interfaced with an outside, and a microcom- 55 
puter which controls an operation of the access means 
and which is connected to the interface circuit. The 
microcomputer includes one semiconductor substrate 
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having an electrically erasable and programmable non- 
volatile semiconductor memory and a central process- 
ing unit which accesses the nonvolatile semiconductor 
memory. The nonvolatile semiconductor memory has a 
reboot program area and an application program area in 
its memory area. The application program area has an 
area which stores an application program to be exe- 
cuted by the central processing unit to control the 
access means and the interface circuit. The reboot pro- 
gram area has an area which stores a reboot program 
which causes the central processing unit to execute 
processing for rewriting the application program area. 
The central processing unit executes the reboot pro- 
gram to rewrite the application program area in whole or 
part, in response to a rewrite command for the applica- 
tion program area which is supplied to the interface cir- 
cuit from the outside, or executes the application 
program stored in the application program area to con- 
trol the access means and the interface circuit, in 
response to a disk access command supplied to the 
interface circuit from the outside. 
[0040] The application program is an operational 
program which includes an access control program 
such as a recorded information reproducing control pro- 
gram and an interface control program for control of an 
external interface of the disk drive. The access control 
program performs control such as speed control of a 
disk and signal processing according to the speed of 
reproduction of recorded information. The interface con- 
trol program performs control of an external interface for 
disk access. The rewriting of the application program 
area may be directed to the whole or part of the applica- 
tion program (both or either one of the access control 
program and the interface control program). If the appli- 
cation program includes a plurality of program modules 
(for example, a plurality of subroutines), it is also possi- 
ble to rewrite part of the program modules. For example, 
when the application program is to be rewritten 
(updated), only a modified one of the access control 
program and the interface control program may be 
rewritten. 

[0041] In accordance with the above-described fea- 
tures, even after the microcomputer has been mounted 
in the disk drive, the application program can be written 
into the nonvolatile memory built in the microcomputer, 
or the whole or part of the application program can be 
rewritten. Accordingly, it is possible to promptly or timely 
cope with a change in the reproducing speed of the disk 
drive, merely by rewriting the whole or part of the appli- 
cation program with the required modification according 
to an improvement in the reproducing speed at the time 
of a change in the reproducing speed or the like which 
will occur in extremely short cycles in the future. 
[0042] The area of the nonvolatile memory to be 
rewritten is the application program area. Since the 
reboot program area is not an area to be rewritten, even 
if an abnormality occurs during the rewriting operation 
of the nonvolatile memory, the operation of rewriting the 
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application program area can be again started immedi- 
ately after the reboot program is executed, whereby 
recovery from an abnormal state during rewriting does 
not take much time. Since a processing program to be 
rewritten in the disk drive is only the processing pro- 
gram stored in the nonvolatile memory, it is possible to 
simplify control procedures for rewriting and hence 
shorten the time required for rewriting. Furthermore, 
since the nonvolatile memory which holds the process- 
ing programs for the disk drive is built in the microcom- 
puter which is a semiconductor integrated circuit, an 
increase in the physical scale of the disk drive can be 
minimized to obtain the above-described effects. 
[0043] The reboot program can include an input 
control program, a rewrite control program and a trans- 
fer control program. The central processing unit which 
responds to the rewrite command provides control to 
execute the input control program and fetch into a buffer 
RAM or the like the application program which is, in 
whole or part, supplied to the interface circuit from the 
outside, execute the transfer control program and trans- 
fer the rewrite control program from the reboot program 
storing area to a built-in RAM of the microcomputer. The 
central processing unit executes the rewrite control pro- 
gram transferred to the built-in RAM and writes the 
application program fetched in whole or part, into the 
application program area. According to this control, 
when the application program area is to be updated, the 
host needs only to transfer to the disk drive the whole or 
part of the application program to be written into the 
application program area subsequently to a rewrite 
command for the nonvolatile memory, and does not 
need to transfer the write control program, whereby it is 
possible to further reduce the processing time required 
to update the application program area. 
[0044] The reboot program can include an input 
control program and a transfer control program. The 
central processing unit which responds to the rewrite 
command executes the input control program and 
fetches the application program and the rewrite control 
program which are supplied to the interface circuit from 
the outside, and executes the transfer control program 
and transfers the fetched rewrite control program to the 
built-in RAM of the microcomputer. The central process- 
ing unit executes the rewrite control program transferred 
to the built-in RAM and writes the application program 
fetched in whole or part, into the application program 
area. Accordingly, since the nonvolatile memory does 
not hold the rewrite control program, even if the central 
processing unit runs away and undesirably executes the 
program stored in the nonvolatile memory, there is no 
risk that the nonvolatile memory device is erroneously 
rewritten. 

[0045] The reboot program further includes an area 
which stores a vector table and a reset processing pro- 
gram. The central processing unit, in response to a 
reset instruction, proceeds to execution of the reset 
processing program by referring to the vector table, and, 
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during the execution of the reset processing program, 
determines whether the central processing unit is in a 
forced reboot state capable of responding to the rewrite 
command. When in the forced reboot state, the central 

5 processing unit proceeds to execution of the reboot pro- 
gram after receiving an input of the rewrite command. 
When not in the forced reboot state, the central process- 
ing unit proceeds to a state of being able to execute the 
application program stored in the application program 

10 area. Even if an abnormality occurs during the rewriting 
of the nonvolatile memory, if reset is performed to spec- 
ify the forced reboot mode, the central processing unit 
can easily recover from the abnormality and return to 
the processing of rewriting the nonvolatile memory. In 

t 5 this respect as well, the processing time required to 
update the application program area can be shortened. 
[0046] The application program area can have in a 
memory area thereof a sum storing area which stores a 
sum of information held in another memory area, and 

20 the reboot program area can further have an area which 
stores a vector table and a reset processing program. 
The central processing unit, in response to a reset 
instruction, proceeds to execution of the reset process- 
ing program by referring to the vector table, and, during 

25 the execution of the reset processing program, deter- 
mines whether the central processing unit is in a forced 
reboot state capable of responding to the rewrite com- 
mand. When in the forced reboot state, the central 
processing unit proceeds to execution of the reboot pro- 

30 gram after receiving an input of the rewrite command. 
When not in the forced reboot state, the central process- 
ing unit determines whether the sum stored in the sum 
storing area coincides with a sum of the information 
held in the aforesaid other memory area. If it is not 

35 determined that both sums coincide with each other, the 
central processing unit proceeds to execution of the 
reboot program after receiving an input of the rewrite 
command. If it is determined that both sums coincide 
with each other, the central processing unit proceeds to 

40 a state of being able to execute the application program 
stored in the application program area. Accordingly, if a 
program in the application program area is undesirably 
rewritten by an abnormality of the host or the disk drive, 
the operation of the central processing unit can be 

45 made to self-diagnostically proceed to the state of being 
able to rewrite the application program area, merely by 
being reset, even if the forced reboot mode is not spec- 
ified. Accordingly, it is possible to prevent the malfunc- 
tion of the disk drive. 

so [0047] As the nonvolatile semiconductor memory, a 
flash memory having a plurality of memory blocks each 
of which constitutes a collectively erasable unit can be 
adopted. The operation of erasing the application pro- 
gram area can be made efficient by assigning the 

55 reboot program area and the application program area 
to mutually different memory blocks. 
[0048] It is desirable that the reliability of initial writ- 
ing of a program into the reboot program area be good 
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in terms of the nature of the program. To guarantee 
such reliability, it is possible to write the program into the 
reboot program area in the process of manufacturing 
the microcomputer. 

[0049] To completely prevent undesirable erasure 5 
of the rewrite program, means for inhibiting rewrite of 
the reboot program area may be provided. 
[0050] The ATAPt interface circuit can be adopted 
for the interface circuit. According to this arrangement, it 
is possible to easily use a new interface such as 10 
enhanced IDE while inheriting the past accumulated 
software property for disk drives which conform to the 
SCSI interface specifications or the like, and further- 
more, it is possible to realize a cost reduction. 
[0051] A computer having such disk drive com- 15 
prises a main board including a microprocessor and a 
peripheral interface controller which are connected to a 
bus, and the interface circuit of the disk drive is con- 
nected to the peripheral interface controller. If a disk 
drive is to be mounted as standard equipment in a com- 20 
puter such as a personal computer which includes, for 
example, a PCI bus as the bus and an IDE interface 
controller as the interface controller, the ATAPI interface 
circuit can be adopted as the interface circuit of the disk 
drive. In almost all cases, if the disk drive is to be 25 
mounted as standard equipment in the computer, a 
main board and the disk drive are incorporated in one 
case. 

[0052] During the rewriting of the application pro- 
gram area of the disk drive, the main board of the com- 30 
puter serves as a host, and the application program of 
the disk drive can be rewritten in whole or part via the 
host. Accordingly, it is possible to change the applica- 
tion program of the disk drive by using the microproces- 
sor without removing the disk drive from the computer. 35 
[0053] Accordingly, in the present situation in which 
the cycle of change of reproducing speed in the disk 
drive is extremely short and the disk drive is mounted in 
the computer as standard equipment so that a drive 
maker must prepare application programs for the disk 40 
drive, which have different specifications for individual 
computer makers, a computer maker can evaluate the 
disk drive which is incorporated in the computer, while 
receiving a bug-fix or an additional function relative to 
the application program from the drive maker through- 45 
out the period of evaluation of the disk drive. As 
described previously, the disk drive is provided with 
means such as efficient rewriting processing for the 
application program area and the capability to rapidly 
recover from an abnormality during rewriting processing so 
and return to the rewriting processing, so that, through- 
out the period of evaluation of the disk drive, the compu- 
ter maker can efficiently reinstall a modified application 
program in the nonvolatile memory built in the micro- 
computer Accordingly, the computer maker can shorten 55 
the period of evaluation of disk drives. 
[0054] Thus, in the present situation in which the 
cycle of change of reproducing speed in the disk drive is 



extremely short, the computer maker can efficiently 
market a computer which is provided with a disk drive 
having a faster reproducing speed. 
[0055] The application program which includes the 
access control program such as a recorded information 
reproducing control program and the interface control 
program can be supplied from a company which manu- 
factures or sells a disk drive to a computer maker or a 
company which sells a computer, or from the computer 
maker or the company which sells a computer to an end 
user of the computer, through communications means 
such as the Internet. Accordingly it is possible to instan- 
taneously send the application program to the computer 
maker, the company which sells the computer, or the 
end user of the computer. Accordingly, if the disk drive 
or the computer provided with the disk drive is used, the 
function of the drive or the computer, such as recorded 
information reproducing speed, can be immediately 
upgraded from an older version on a user side. In other 
words, the functions of products can be easily changed 
on the user side. 

Brief Description of Drawings 

[0056] 

Fig. 1 is a block diagram showing a CD-ROM drive 
according to one embodiment of the present inven- 
tion; 

Fig. 2 is an explanatory view showing the memory 
areas of a flash memory; 

Fig. 3 is a flowchart showing one example of reset 
processing; 

Fig. 4 is a flowchart showing one example of ATAPI 
interrupt processing; 

Fig. 5 is an explanatory view showing the relation 
between a collectively erasable unit block and a 
reboot program area in the flash memory; 
Fig. 6 is a flowchart schematically showing the 
process of manufacturing a microcomputer having 
a built-in flash memory; 

Fig. 7 is a block diagram showing one example of 
hardware protect for preventing undesirable eras- 
ure of the reboot program area; 
Fig. 8 is a block diagram showing another example 
of the hardware protect for preventing undesirable 
erasure of the reboot program area; 
Fig. 9 is a block diagram of one example of a per- 
sonal computer which has a CD-ROM drive in built- 
in form; 

Fig. 10 is an explanatory view showing an initial 
state of the operation of writing an application pro- 
gram into the CD-ROM drive which is mounted in 
the personal computer; 

Fig. 11 is an explanatory view showing the state of 
starting of the operation of writing the application 
program into the CD-ROM drive which is mounted 
in the personal computer; 
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Fig. 12 is an explanatory view showing the state of 
transfer of the application program subsequently to 
the state shown in Fig. 1 1 ; 

Fig. 13 is an explanatory view showing the state of 
activation of an erase/write control program subse- 5 
quently to the state shown in Fig. 12; 
Fig. 14 is an explanatory view showing the state of 
erasing operation of the erase/write control pro- 
gram subsequently to the state shown in Fig. 13; 
Fig. 15 is an explanatory view showing the state of 10 
writing operation of the erase/write control program 
subsequently to the state shown in Fig. 14; 
Fig. 16 is a flowchart showing the whole of the writ- 
ing processing shown in Figs. 10 to 15; 
Fig. 17isanexplanatoryviewsimilartoFig. 10, but 15 
showing an initial state of the operation of receiving 
the erase/write control program from the outside of 
the CD-ROM drive and writing the application pro- 
gram into the CD-ROM drive; 

Fig. 18 is an explanatory view similar to Fig. 10, but 20 
showing the state of starting of the operation of 
receiving the erase/write control program from the 
outside of the CD-ROM drive and writing the appli- 
cation program into the CD-ROM drive; 
Fig. 19 is an explanatory view showing the state of 25 
transfer of the application program subsequently to 
the state shown in Fig. 18; 
Fig. 20 is an explanatory view showing the state of 
activation of the erase/write control program subse- 
quently to the state shown in Fig. 1 9; 30 
Fig. 21 is an explanatory view showing the state of 
erasing operation of the flash memory by the 
erase/write control program subsequently to the 
state shown in Fig. 20; 

Fig. 22 is an explanatory view showing the state of 35 
writing operation of the flash memory by the 
erase/write control program subsequently to the 
state shown in Fig. 21; 

Fig. 23 is an explanatory view of the memory area 
of the flash memory to which a sum storing area is 40 
assigned; 

Fig. 24 is a flowchart of the operation of making a 
user program area rewritable on the basis of a sum 
at the time of reset; 

Fig. 25 is an explanatory view showing the state in 45 
which a vector table is disposed in a work RAM of 
the microcomputer; 

Fig. 26 an explanatory view showing another exam- 
ple of the address map of the flash memory; 
Fig. 27 is a flowchart showing one example of the so 
sequence of manufacture of the CD-ROM drive by 
a CD-ROM drive maker; 

Fig. 28 is a flowchart showing one example of the 
sequence of evaluation of a personal computer by a 
PC maker using the CD-ROM drive delivered by the 55 
CD-ROM drive maker; 

Fig. 29 is a flowchart similar to Fig. 27, but showing 
one example of the operation of writing processing 



programs into a reboot program area and a user 
program area together; 

Fig. 30 is a block diagram of a CD-ROM drive hav- 
ing a serial port, showing the state in which a 
processing program is being written into a micro- 
computer via the serial port; and 
Fig. 31 is a block diagram of a microcomputer, 
showing the state in which a processing program 
for the microcomputer is being written by using an 
EPROM writer. 

Best Mode for Carrying Out the Invention 

((CD-ROM DRIVE >> 

[0057] Fig. 1 shows a CD-ROM drive according to 
one embodiment of the present invention together with 
a host. In Fig. 1 t reference numeral 1 denotes a CD- 
ROM disk (hereinafter referred to simply as the disk) on 
which, to increase the recording density thereof, infor- 
mation is recorded on the CD-ROM disk 1 by a CLV 
(Constant Linear Velocity) method in which the record- 
ing velocity of signals is constant at any position 
between the inner circumference and the outer circum- 
ference of the disk 1 . In this disk 1 , each frame includes, 
but not particularly limited to, one symbol (one symbol = 
one byte) of subcode information, twenty-four symbols 
of data and eight symbols of parity, and a synchronizing 
signal is added to each frame. Information on such 
frame is modulated by EFM (Eight to Fourteen Modula- 
tion), but the kind of modulation is not particularly lim- 
ited to EFM. EFM is the process of converting 1 -symbol 
8-bit data into 14 bits. Furthermore, to remove direct- 
current components after the conversion, three margin 
bits are added to perform NRZI modulation. In addition, 
the frames are interleaved. 

[0058] If the CD-ROM drive 2 shown in Fig. 1 is 
accessed by or receives a data transfer request from a 
host 3 via an ATAPI interface circuit 4, a microcomputer 
5 executes control for responding to the request. The 
operation of the CD-ROM drive 2 controlled by the 
microcomputer 5 will be described below in outline. 
Information is optically read from the CD-ROM disk 1, 
and the read information is subjected to decoding, error 
correction and the like in a digital signal processing cir- 
cuit 7. The decoded and error-corrected information is 
supplied from the digital signal processing circuit 7 to a 
CD-ROM decoder 9 via a bus 8 in accordance with a 
predetermined format such as a CD-ROM format or a 
CD-I format. The CD-ROM decoder 9 applies process- 
ing such as synchronizing-signal detection, deinterleav- 
ing and additional ECC error correction to the supplied 
information, and outputs data requested by the host 3 to 
the host 3 via the ATAPI interface circuit 4. 
[0059] Each part of the CD-ROM drive 2 will be 
described below in detail. 

[0060] The disk 1 is rotationally driven by a disk 
motor 10. A pickup 11 projects a laser beam onto the 
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disk 1 , and the reflected light is received and photoelec- 
trical ly converted by a light-receiving part made of a 
photodiode, whereby information recorded on the disk 1 
is read out. A thread motor 1 2 moves the pickup 1 1 over 
the disk 1 in the radial direction thereof. A loading motor 
13 moves a tray (not shown) on which the disk 1 is 
loaded. 

[0061] The digital signal processing circuit 7 real- 
izes functions such as digital filter, EFM demodulation, 
C1, C2 error correction, digital servo and speed control 
in accordance with its operational program. The func- 
tion of the digital servo is to control the thread motor 12 
and control the position of the pickup 11. The function of 
the speed control is to control the rotational speed of the 
disk motor 10. The C1, C2 error correction function is 
error correction made by using an error-correcting code 
called CIRC (Cross Interleaved Reed-Solomon Code) 
in which two Reed-Solomon Code Systems C1 and C2 
are combined. The error-correcting code is made to cor- 
respond to the parity of each of the frames. 
[0062] A signal (high-frequency signal) read from 
the pickup 1 1 is amplified by a preamplifier 14 and sup- 
plied to the digital signal processing circuit 7. This read 
signal is binary-coded into a digital signal by the digital 
filter realized by the digital signal processing circuit 7. 
This digitized read signal is sequentially processed by 
the speed control function and the EFM demodulation 
function. The speed control function is to detect the 
rotational speed of the disk 1 and control the disk motor 
10 to rotate the disk 1 at a predetermined speed. The 
speed control function also includes the function of 
detecting a synchronizing signal from the read signal. 
The EFM demodulation function is to demodulate the 
EFM-modulated read signal on the basis of the synchro- 
nizing signal detected by the speed control function. 
The subcode contained in each frame of the demodu- 
lated read signal is supplied to a SCI (serial communi- 
cation interface) 50 of the microcomputer 5 in the form 
of a signal 700. The microcomputer 5 performs subcode 
signal processing on the input subcodes by using its 
operational program. Specifically, the microcomputer 5 
assembles the supplied suboodes in the units of, for 
example, ninety-eight frames, and recognize the infor- 
mation contained in the subcodes, such as time infor- 
mation and index information, and supplies control 
information for controlling the disk motor 10, the thread 
motor 12 and the like to the digital signal processing cir- 
cuit 7. 

[0063] The recorded information which has been 
subjected to the demodulation and the C1 , C2 error cor- 
rection in the digital signal processing circuit 7 is sup- 
plied to the CD-ROM decoder 9 via the bus 8. Data 
supplied to the CD-ROM decoder 9 conforms to, for 
example, a physical format which is standardized so 
that data is divided into sectors each having 2,336 
bytes. For example, in accordance with a CD-ROM 
standard, each sector includes twelve bytes for a syn- 
chronizing signal, four bytes for a header, and user data. 



Regarding the area of the user data, there is a standard 
having an additional error-correcting code such as ECC 
which makes it possible to correct an error which cannot 
be completely corrected with C1, C2 error correction. 

5 The CD-ROM decoder 9 includes a RAM controller 90, 
an error-correcting circuit 91 and a synchronizing-signal 
detecting and deinterleaving circuit 92, and is con- 
nected to a buffer RAM 16. The RAM controller 90 
serves as a memory controller for the buffer RAM 16. 

10 The synchronizing-signal detecting and deinterleaving 
circuit 92 detects the synchronizing signal from the data 
of each sector sequentially supplied from the bus 8 and 
performs deinterleaving processing. The RAM control- 
ler 90 performs error correction on data having an error 

is which cannot be completely corrected even with C1 , C2 
error correction, by using an additional error-correcting 
code. The deinterleaved and error-corrected data is 
serially stored in the buffer RAM 16 by the control of the 
RAM controller 90. The read data held in the buffer RAM 

20 1 6 is supplied to the host 3 via the ATAPI interface circuit 
4 in the units of a single or plural sectors. 
[0064] The ATAPI interface circuit 4 includes a com- 
mand buffer 40 and a protocol sequence control circuit 
41. The protocol sequence control circuit 41 performs 

25 interface control which conforms to a standard for an 
ATAPI interface. The ATAPI interface is an interface 
specification which makes it possible to control a CD- 
ROM drive via an existing IDE interface controller which 
is used for interfacing a hard disk drive and the like with 

30 a microprocessor which constitutes the main part of a 
personal computer. In this ATAPI interface, commands 
which conform to the SCSI2 specifications are supplied 
to the CD-ROM drive 2 as a packet, whereby the CD- 
ROM drive 2 is controlled. The details of the specifica- 

35 tions of the ATAPI interface are described in "ATA Packet 
Interface for CD-ROM Revision 1.2" which has been 
worked out by companies which belong to SSF (Small 
Form Factor) Committee which is an ad hoc group 
related to external storage devices in United States. The 

40 command buffer 40 holds the commands sent from the 
host 3. 

((Microcomputer)) 

45 [0065] The microcomputer 5 includes a central 
processing unit (CPU) 51, 8-bit timers 52 and 53, a 16- 
bit timer 54, an A/D converter 55, a SCI circuit 50, a 
flash memory 56, a RAM 57 and an input/output port 59 
all of which are provided on one semiconductor sub- 

50 strate such as a single-crystal silicon substrate. These 
circuit modules are formed to share an internal bus 58, 
but are not particularly limited to such a circuit configu- 
ration. The flash memory 56 which is an electrically 
erasable and programmable nonvolatile semiconductor 

55 memory serves as a memory for storing the operational 
program and constant data of the CPU 51 . The CPU 51 
control the preamplifier 14, the digital signal processing 
circuit 7, the CD-ROM decoder 9, the ATAPI interface 
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circuit 4 and the like in accordance with its operational 
program. The RAM 57 serves as a work RAM which is 
used as a work area or the like for the CPU 51 . 
[0066] The flash memory 56 has a construction in 
which its memory areas can be collectively erased in 5 
the units of a predetermined number of blocks (memory 
blocks) and data can be rewritten in the units of blocks. 
Although such a flash memory is known and the 
detailed description thereof is omitted herein, each of its 
memory cell transistors is formed as an insulated gate w 
field effect transistor of two-layer gate structure having a 
floating gate and a control gate. The operation of writing 
information to a memory cell transistor can be realized 
by applying high voltage to, for example, the control gate 
and the drain, and injecting electrons into the floating 15 
gate from the side of the drain by avalanche injection. 
The threshold voltage of the memory cell transistor as 
viewed from the control gate is made higher when the 
writing operation is performed than when the writing 
operation is not performed and the memory cell transis- 20 
tor is in an erased state. The operation of erasing infor- 
mation from the memory cell can be realized by 
applying high voltage to, for example, the source, and 
extracting electrons from the floating gate toward the 
source by tunnel phenomenon, whereby the threshold 25 
voltage of the memory cell transistor as viewed from the 
control gate is made lower. Whether the memory cell 
transistor is in a written state or an erased state, the 
threshold voltage of the memory cell transistor is kept at 
a positive voltage level. Specifically, as compared with a 30 
word line select level supplied to the control gate from a 
word line, the threshold voltage of the memory cell tran- 
sistor in the written state is made high, whereas the 
threshold voltage of the memory cell transistor in the 
erased state is made low. Since both the threshold volt- 35 
ages and the word line select level have such relation- 
ship, the memory cell transistor can be formed by one 
transistor without the need to adopt a selecting transis- 
tor. Various kinds of control methods for the erasing 
operation and the writing operation of memory cell tran- 40 
sistors have presently been realized, and some of the 
methods are intended to perform collective erasure in 
memory cell transistors whose sources are connected 
in common, whereas the other methods are intended to 
perform collective erasure in memory cell transistors 45 
whose control gates are connected in common. By such 
a control method, it is possible to perform collective 
erasure in the units of blocks. Blocks to be erased can 
be specified by setting control data in an erasure block 
specifying register. Operations relative to the flash 50 
memory 56, i.e., operations such as erasing, verification 
of erasing, writing, verification of writing and reading, 
are specified by setting control information in a mode 
register of the flash memory 56. Such setting is per- 
formed by the CPU 51 in accordance with the opera- 55 
tional program. 

[0067] The internal bus 58 is a generic term for 
buses for addresses, data and control signals. The data 



bus and the address bus contained in the internal bus 
58 are connected to the CD-ROM decoder 9 and the 
ATAPI interface circuit 4. As shown in Fig. 1 for the pur- 
pose of illustration only, an access control signal 510 
which is required for the CPU 51 to access the CD-ROM 
decoder 9 and the ATAPI interface circuit 4 is directly 
outputted from the central processing unit 51, and the 
access control signal 510 includes a read signal, a write 
signal, a chip enable signal and the like. Through the 
access control signal 510, the CPU 51 can access the 
command buffer 40, or set control information in the 
RAM controller 90, or access the buffer RAM 16 directly 
or via the RAM controller 90. 

[0068] The 16-bit timer 54 obtains information nec- 
essary for learning the linear velocity of the pickup 1 1 
relative to the disk 1. 

[0069] In Fig. 1, reference numeral 93 denotes an 
interrupt signal which is supplied to the 51 from the CD- 
ROM decoder 9, for example, an interrupt signal indicat- 
ing the occurrence of an error which cannot be cor- 
rected even with the above-described additional error- 
correcting code. Reference numeral 42 denotes an 
interrupt signal which is supplied to the CPU 51 from the 
ATAPI interface circuit 4, for example, an interrupt signal 
indicating that a command is supplied to the command 
buffer 40 from the host 3. A signal 501 is control infor- 
mation for controlling the characteristics of the pream- 
plifier 14, and reference numeral 502 denotes control 
information for controlling the functions of digital filter, 
C1, C2 error correction, digital servo and speed control 
in the digital signal processing circuit 7. The information 
501 and 502 are outputted from the input/output port 59. 

< (Change of Circuit Characteristics to Cope with 
Change of Reproducing Speed >> 

[0070] In the CD-ROM drive 2, an increase in 
recording/reproducing speed (i.e., the speed of reading 
recorded information from the disk 1) involves a change 
of the characteristics of an internal circuit of the CD- 
ROM drive 2. Firstly, the rotational speeds of the disk 
motor 10, the thread motor 12 and the like must be 
increased. Secondly, the coefficients of digital servo, 
digital filter and the like must be changed correspond- 
ingly. Thirdly, since a period of time which can be spent 
for C1, C2 error correction becomes short as the result 
of an increase in the reading speed, a program having a 
modified (lowered) C1, C2 error correction capability 
must be adopted. For example, the correction capability 
to correct a maximum of six symbols of error for quadru- 
ple speed is lowered to a maximum of four symbols in 
the case of sextuple speed. Fourthly, since the fre- 
quency of a signal to be read increases with an increase 
in the reading speed, the characteristics, such as gain 
and frequency band, of the preamplifier 14 must be 
changed. To cope with the first to third points, the oper- 
ating frequency of the digital signal processing circuit 7 
must, of course, be increased. The first to third points 
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can be easily coped with by changing the operational 
program of the CPU 51 without changing hardware. The 
fourth point can be coped with by using an arrangement 
provided with a circuit which switches over the fre- 
quency characteristics of an adder and a waveform 
equalizer (neither of which is shown) of the preamplifier 
14 so that the frequency characteristics can optimally 
cope with quadruple speed, sextuple speed, octuple 
speed and higher speed, the frequency characteristics 
being able to be switched over in accordance with the 
operational program of the CPU 51. The switchover of 
the frequency characteristics is needed for improving 
the accuracy of binary-coding of added and waveform- 
equalized signals. The frequency characteristics can be 
optimally switched over, for example, by an arrange- 
ment which selects via a switch the values of resistance 
and capacitance of a waveform equalizing filter dis- 
posed in a feedback system of an adding circuit which 
essentially consists of an operational amplifier. 
[0071] In the CD-ROM drive 2, a recorded informa- 
tion reproducing operation and an external interface 
operation are controlled by the CPU 51 which executes 
a recorded information reproducing control program 
and an interface control interface program which are 
contained in an application program. For example, if the 
recorded information reproducing speed of the CD- 
ROM drive 2 is to be made quadruple speed, the CPU 
51 uses a recorded information reproducing control pro- 
gram for quadruple speed, whereas if the recorded 
information reproducing speed of the CD-ROM drive 2 
is to be made octuple speed, the CPU 51 uses a 
recorded information reproducing control program for 
octuple speed. The term "recorded information repro- 
ducing control program" used herein is a generic term 
for servo control for the disk motor 10, operation control 
for the digital signal processing circuit 7, and opera- 
tional programs for the CD-ROM decoder 9 and the like. 
The above term "interface control program" is a generic 
term for processing programs for realizing interface con- 
trol of commands and data for the ATAPI interface circuit 
4. Accordingly, in the CD-ROM drive 2, the term "appli- 
cation program" is a generic term for processing pro- 
grams for reproducing information recorded on the disk 
1 and supplying the reproduced information to the host 
3. 

( (Processing for Reproducing Speed Change Based 
on Rewriting of User Program Area > > 

[0072] As shown in Fig. 2 by way of example, the 
flash memory 56 has a reboot program area 560 and an 
application program area ("hereinafter referred to also 
as the user program area") 561 in its memory area. The 
application program area 561 serves as an area for 
storing an application program M2. The reboot program 
area 560 serves as an area for storing, an input control 
program M1, an erase/write control program M3, a 
transfer control program M4 and the like. 



[0073] The input control program M1 serves as an 
interface program to be executed by the CPU 51 in 
order to load into, for example, the buffer RAM 16, the 
whole or part of an application program which is sup- 

5 plied to the ATAPI interface circuit 4 from the outside as 
an object to be written or rewritten. The erase/write con- 
trol program M3 serves as a rewrite control program to 
be executed by the CPU 51 for the purpose of writing 
into the user program area 561 the whole or part of the 

10 application program loaded into the buffer RAM 1 6. The 
transfer control program M4 serves as a program to be 
executed by the CPU 51 in order to transfer to the RAM 
57 the erase/write control program M3 stored in the 
reboot program area 560. The CPU 51 executes the 

15 erase/write control program M3 transferred to the RAM 
57 and writes into the user program area 561 the whole 
or part of the application program M2 stored in the 
buffer RAM 16. 

[0074] The reboot program area 560 further 
20 includes a vector table 560A in which vector addresses 
are stored, and a storage area 560B which stores pre- 
determined programs to be referred to in accordance 
with the vector addresses of the vector table 560A. The 
vector table 560A includes a reset vector BCT1, an 
25 ATAPI interrupt vector BCT2 and the like. The program 
storage area 560 B includes a reset processing program 
PRG1, an ATAPI interrupt processing program PRG2 
and the like. 

[0075] The reset processing program PRG1 is 

30 referred to by the reset vector BCT1 . Specifically, if a 
power-on reset instruction or a hardware or software 
reset instruction is given, the CPU 51 reads in the reset 
vector BCT1 and branches its processing to the leading 
address of the reset processing program PRG1 indi- 

35 cated by the reset vector BCT1 . 

[0076] Fig. 3 shows a flowchart of reset processing. 
In the reset processing, first of all, internal initialization 
or initial setting of the internal circuit is performed (S1). 
Then, the microcomputer 5 determines whether to per- 

40 form on-board writing or rewriting of the application pro- 
gram, i.e., whether a user reboot mode is specified (S2). 
In this embodiment, although not limited to any particu- 
lar example, the condition required to activate the user 
reboot mode is that a predetermined switch, for exam- 

45 pie, a disk ejecting switch, is pressed when a power 
supply of the CD-ROM drive 2 is turned on. The user 
reboot mode specified by manipulating the disk ejecting 
switch or the like is also called a forced reboot mode. If 
the forced reboot mode is not specified, the process 

so proceeds to execution of the application program M2 
(S3). If the user reboot mode is specified, a reboot flag 
is brought to a set state (S4), and the process waits for 
an ATAPI interrupt (S5). The reboot flag is assigned, for 
example, a flag (not shown) included in the CPU 51 or a 

55 predetermined one bit of a control register. 

[0077] The ATAPI interrupt processing program 
PRG2 is referred to by the ATAPI interrupt vector BCT2. 
Specifically, in an ATAPI protocol, a command is 
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arranged at the leading end of a series of information to 
be supplied to the ATAPI interface circuit 4. The com- 
mand is entered into the command buffer 40. If the com- 
mand is entered into the command buffer 40, the ATAPI 
interface circuit 4 informs the CPU 51 to that effect by 5 
means of an interrupt signal 42. If the CPU 51 accepts 
the ATAPI interrupt, the CPU 51 refers to the ATAPI 
interrupt vector BCT2 and branches the process to the 
ATAPI interrupt processing program PRG2. 
[0078] Fig. 4 shows a flowchart of the ATAPI inter- 10 
rupt processing program PRG2. If the ATAPI interrupt 
occurs, the CPU 51 reads a command from the com- 
mand buffer 40 and decodes it (S10). Then, the CPU 51 
inspects the reboot flag. If the reboot flag is not in the 
set state, the CPU 51 executes a predetermined 15 
processing routine included in the application program 
M2, in accordance with the result of decoding of the 
command, and starts, for example, recorded informa- 
tion reproducing control for reading recorded informa- 
tion from the disk 1 (S12). If the reboot flag is in the set 20 
state and the command is a predetermined command 
(vendor unique command), a reboot program for per- 
forming on-board writing of the recorded information 
reproducing control program is executed. 
[0079] In this embodiment, if the reboot program is 25 
executed, the CPU 51 executes the input control pro- 
gram M1 to store in the buffer RAM 16 the recorded 
information reproducing control program supplied to the 
ATAPI interface circuit 4 from the host 3, and also exe- 
cutes the transfer control program M4 to transfer the so 
erase/write control program M3 to the work RAM 57, 
and then executes the erase/write control program M3 
held in the work RAM 57 to write into the user program 
area 561 the whole or part of the application program 
stored in the buffer RAM 16. Although not limited to a 35 
particular kind of code information, the vendor unique 
command is code information which is not standardized 
(or used) in the ATAPI interface specifications. 
[0080] Referring back to Fig. 2, the application pro- 
gram M2 stored in the user program area 561 includes 40 
a processing program divided into a main program and 
subroutines, a secondary vector table having program 
addresses of branch subroutines, and the like. In Step 
S2 of Fig. 3, it it is not determined that the user reboot 
mode is selected, a program counter (not shown) of the 45 
CPU 51 is forcedly set to the leading address of a 
processing program in the application program M2, 
whereby the CPU 51 executes the application program 
at that program address. 

[0081] The flash memory 56 has a plurality of mem- so 
ory blocks (BLKO-BLKn) each of which constitutes a col- 
lectively erasable unit, as shown in Fig. 5 by way of 
example. The reboot program area 560 and the user 
program area 561 are assigned to mutually different 
memory blocks. For example, the memory block BLK0 55 
is assigned to the reboot program area 560. 
[0082] The erase/write control program M3 speci- 
fies only the user program area 561 as a writable area. 



Specifically, as shown in Fig. 5, the control operation of 
the erase/write control program M3 does not specify the 
memory block BLK0 as an erasable and writable area to 
be stored in an erasure/writing specifying register. In 
other words, the erase/write control program M3 does 
not specify the reboot program area 560 as a writable 
area. In this sense, the rewriting of the reboot program 
area 560 is inhibited. 

[0083] Since the program held in the reboot pro- 
gram area 560 cannot be rewritten via the ATAPI inter- 
face circuit 4, the reliability of initial writing of the 
program must be high. To guarantee such reliability, it is 
desirable to write the program in the process of manu- 
facturing a microcomputer, but the writing of the pro- 
gram is not limited to a particular method. 
[0084] Fig. 6 schematically shows the process of 
manufacturing a microcomputer. Circuits each constitut- 
ing a microcomputer are formed over a single-crystal 
silicon wafer by using, for example, a multiplicity of 
mask patterns, thereby fabricating a wafer over which 
such circuits are integrated (Step P1). An inspection of 
the fabricated wafer is carried out (Step P2), and a 
probe inspection of the circuit functions over the wafer is 
carried out to determine whether each microcomputer 
chip over the wafer has a defect (Step P3). After the 
probe inspection, a plurality of microcomputer chips are 
cut out from the wafer by dicing, and non-defective chips 
are assembled into microcomputer LSIs through steps 
such as bonding and packaging (Step P4). After assem- 
bled, the microcomputers are made to operate with 
atmosphere temperature and operating voltage being 
set to their maximum allowable limits, whereby aging is 
performed so that a failure which may occur in the near 
future can be made to appear in advance (Step P5). 
After the aging, the screening of the microcomputer 
LSIs is performed with a tester (Step P6). The screening 
step includes a erase/write test of the built-in flash 
memory 56. By using this step, the reboot program such 
as the erase/write control program is written into the 
reboot program area. In addition, in this step, it is easy 
to perform an operation test of the written reboot pro- 
gram. After the screening step, the microcomputer LSIs 
are stocked and are subjected to delivery inspection 
before delivery (Step P7), and products which have 
passed in the delivery inspection are delivered (Step 
P8). 

[0085] In the above-described manner, the 
erase/write control program M3 does not use the reboot 
program area 560 as an erasable/writable area. This is 
a so-called software protect. Hardware protect means 
can also be provided to prevent the reboot program 
area 560 from being accidentally erased/written by the 
runaway of the CPU or a defect of a user program. 
[0086] Fig. 7 shows one example for realizing hard- 
ware protect. In Fig. 7, reference numeral 562 denotes 
an erasure block specifying register for specifying a 
memory block to be collectively erased. Referring back 
to Fig. 5 by way of example, the erasure block specifying 
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register 562 has control bits ESO-ESn which have a 
one-to-one correspondence to the memory blocks 
BLKO-BLKn, and if any of the control bits ESO-ESn goes 
to a logic 1 , the flash memory 56 is instructed to erase 
the corresponding memory block. Reference numeral 
563 denotes an erasure-inhibited block specifying regis- 
ter for specifying a memory block to be erase-in hi bited 
irrespective of an erase instruction given by the erasure 
block specifying register 562. Referring back to Fig. 5 by 
way of example, the erasure-inhibited block specifying 
register 563 has control bits IHO-IHn which have a one- 
to-one correspondence to the memory blocks BLKO- 
BLKn, and if any of the control bits IHO-IHn goes to a 
logic 0, the flash memory 56 is instructed to inhibit eras- 
ure of the corresponding memory block. The value of 
each of the bits of the erasure block specifying register 
562 and the value of the corresponding one of the bits 
of the erasure-inhibited block specifying register 563 are 
supplied to each of two inputs of the corresponding one 
of AND gates ANDO-ANDn, and the outputs of the AND 
gates ANDO-ANDn are supplied to the flash memory 56 
as erasure block specifying information. Data setting for 
the erasure block specifying register 562 and the eras- 
ure-inhibited block specifying register 563 is performed 
by the CPU 51. In particular, data setting for the eras- 
ure-inhibited block specifying register 563 can be per- 
formed with initialize-reset. For example, the control bit 
IHO is set to a logic 0. According to this arrangement, 
even when the CPU 51 runs away during the execution 
of the erase/write control program M3, the reboot pro- 
gram area 560 is not erased so long as none of the val- 
ues of the register 563 is accidentally rewritten. 
[0087] Fig. 8 shows another example for realizing 
hardware protect. In Fig. 8, reference numeral 562 
denotes an erasure block specifying register similar to 
that shown in Fig. 7. A decoder 564 decodes data sup- 
plied from external terminals TO-Ti of the microcom- 
puter 5, and outputs an erase inhibit signal which 
inhibits erasure in the units of a memory block. Data for 
the erasure block specifying register 562 is set by the 
CPU 51 via the internal bus 58. The AND gates ANDO- 
ANDn each having two inputs are disposed between the 
internal bus 58 and the input side of the erasure block 
specifying register 562. Each signal line of the internal 
bus 58 is connected to one input of the corresponding 
one of the AND gates ANDO-ANDn for each bit, 
whereas the erasure inhibit signal is supplied to the 
other input of each of the AND gates ANDO-ANDn for 
each bit. Accordingly, since the output of an AND gate 
to which an erase inhibit signal having a logic 0 is sup- 
plied is normally kept at a logic 0, the control bit of the 
erasure block specifying register which corresponds to 
the output of the AND gate never goes to a logic 1 (an 
erasure instruction level). For example, in a case where 
the memory block BLK0 is assigned to the reboot pro- 
gram area, if the external terminals TO-Ti are pulled up 
or down so that the output of the AND gate AND0 is nor- 
mally kept at a logic 0, there is no risk that the reboot 



program area 560 is rewritten when the CPU 51 runs 
away. 

[0088] As described above, in the CD-ROM drive 2 
which is constructed in such a manner that the micro- 

5 computer 5 is mounted on a printed circuit board 
together with the ATAPI interface circuit 4, the CD-ROM 
decoder 9 and the like, when the forced reboot mode is 
set during reset, the CPU 51 of the microcomputer 5 
executes the reboot program for the built-in flash mem- 

w ory 56 and updates the whole of part of the application 
program M2 of the user program area 561 to a new pro- 
gram supplied from the host 3 to the ATAPI interface cir- 
cuit 4. Accordingly, it is possible to promptly or timely 
cope with a change in the reproducing speed of the CD- 

15 ROM drive 2, merely by rewriting the whole of part of the 
application program M2 with the required modification 
according to an improvement in the reproducing speed 
at the time of a change in the reproducing speed which 
will occurs in extremely short cycles in the future. The 

20 range of rewriting or updating of the application program 
is not limited to the whole of the application program, 
and part of the application program may only be rewrit- 
ten or updated. Only the reproducing control program 
included in the application program may also be rewrit- 
es ten. In other words, if the required modification needs to 
be applied to the whole of the application program, the 
whole of the application program may be written, and if 
the required modification needs only to be applied to a 
part of the application program, only the part of the 

30 application program may be written. 

[0089] At this time, the user program area 561 of 
the flash memory 56 is selected as an area to be rewrit- 
ten. Since the reboot program area 560 is not an area to 
be rewritten, even if an abnormality occurs during the 

35 rewriting operation of the flash memory 56, the opera- 
tion of rewriting the reboot program can be again 
started immediately after the reboot program is exe- 
cuted, whereby recovery from an abnormal state during 
rewriting does not take much time. 

40 [0090] Since the application program M2 is stored 
in only the flash memory 56 of the CD-ROM drive 2, it is 
possible to simplify control procedures for rewriting and 
hence shorten the time required for rewriting. Further- 
more, since the application program and the reboot pro- 

45 gram are stored together in the flash memory 56, an 
increase in the physical scale of the CD-ROM drive 2 
can be minimized to obtain the above-described effects, 
as compared with the case in which both programs are 
respectively stored in separate memories. 

so [0091] In the above-described embodiment, the 
reboot program includes the input control program, the 
rewrite control program and the transfer control pro- 
gram. Accordingly, when the user program area 561 is 
to be updated, the host 3 needs only to transfer to the 

55 CD-ROM drive 2 the application program to be written 
into the user program area 561 after a write command 
for the flash memory 56, and does not need to transfer 
the rewrite control program. Accordingly, the processing 
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time required to update the user program area 561 can 
be shortened further. 

[0092] The reboot program area 560 has the reset 
vector BCT1 and the area which stores the reset 
processing program PRG1. The CPU 51 responds to a 
reset instruction and proceeds to the execution of reset 
processing program PRG1 by referring to the reset vec- 
tor BCT1. While executing the reset processing pro- 
gram PRG1, the CPU 51 determines whether the forced 
reboot mode capable of responding to a rewrite com- 
mand from the host 3 has been selected, according to 
whether the disk ejecting switch has been pressed. If 
the forced reboot mode is selected, the CPU 51 pro- 
ceeds to the execution of the reboot program after 
receiving a rewrite command input. If the forced reboot 
mode is not selected, the CPU 51 brings the application 
program in the user program area to an executable 
state. Accordingly, even if an abnormality occurs during 
the rewriting of the flash memory 56, if reset is per- 
formed to specify the forced reboot mode, the CPU 51 
can easily recover from the abnormality and return to 
the processing of rewriting the flash memory 56. In this 
respect as well, the processing time required to update 
the user program area can be shortened. 
[0093] The flash memory 56 has the plurality of 
memory blocks BLKO-BLKn each of which constitutes a 
collectively erasable unit. Since the reboot program 
area and the user program area are assigned to mutu- 
ally different memory blocks, the operation of erasing 
the user program area 561 can be made efficient. In 
other words, when the user program area 561 is being 
rewritten, it is possible to perform the operation of eras- 
ing the user program area 561 at the same time. 
[0094] Since the ATAPI interface circuit 4 is used as 
an interface with the host 3, the CD-ROM drive 2 can 
use a new interface such as enhanced IDE while inher- 
iting the past accumulated software property for disk 
drives which conform to the SCSI interface specifica- 
tions or the like, and furthermore, it is possible to realize 
a cost reduction. Since the ATAPI interface specifica- 
tions conform to the IDE interface which has widely 
spread in the field of personal computers or the like, a 
CD-drive maker can make use of a host system for its 
production line to rewrite the user program area 561 . A 
personal computer setting maker can rewrite the repro- 
ducing control program by using a personal computer 
with a CD-ROM drive being incorporated in the personal 
computer. 

< (Personal Computer >> 

[0095] Fig. 9 shows one example of a personal 
computer 30 which has the CD-ROM drive 2 in built-in 
form. In the personal computer 30, a microprocessor 31 
is connected to, but not limited to, an internal bus (PCI 
bus) 33 which conforms to a PCI bus standard, via a 
PCI (Peripheral Component Interconnect) bus controller 
32. An IDE interface controller 34 which is representa- 



tively shown as a peripheral controller is connected to 
the internal bus 33, and the CD-ROM drive 2 is con- 
nected to the IDE interface controller 34 via an ATAPI 
bus 35 which serves as an interface cable. The IDE 

5 interface controller 34 performs interface control 
between a hard disk 36 and the internal bus 33. The 
microprocessor 31, the PCI bus controller 32, the inter- 
nal bus 33 and the IDE interface controller 34 constitute 
a PC board (main board) 37. The PC board 37, the CD- 

10 ROM drive 2 and the hard disk 36 are built in a common 
case. Although not shown, other peripheral controllers 
such as a graphics accelerator, a Centronics interface 
controller which provides parallel interface with a printer 
and the like, and a floppy disk controller which provides 

is interface control on a floppy disk drive are connected to 
the internal bus 33, and are mounted on the PC board. 
Referring to the correspondence between Fig. 9 and 
Fig. 1 , the host 3 shown in Fig. 1 corresponds to the por- 
tion of the personal computer 30 shown in Fig. 9 which 

20 excludes the CD-ROM drive 2. 

[0096] In the personal computer 30, in a manner 
similar to the above-described one, it is possible to eas- 
ily update the reproducing control program of the CD- 
ROM drive 2 by causing the microprocessor 31 to exe- 

25 cute a utility program and transfer a rewrite command or 
a new application program to the CD-ROM drive 2, with- 
out changing the state of connection between the CD- 
ROM drive 2 and the IDE interface controller 34 or with- 
out removing the CD-ROM drive 2 from the case of the 

30 personal computer 30. 

< (Operation of Rewriting User Program Area) ) 

[0097] Figs. 10 to 15 sequentially show the opera- 
35 tion of rewriting the application program in the CD-ROM 
drive 2 which is mounted in the personal computer 30 
shown in Fig. 9. In each of Figs. 10 to 15, the CD-ROM 
drive 2 is shown on an enlarged scale outside a case 38 
of the personal computer 30. 
40 [0098] Fig. 10 shows an initial state, and the CD- 
ROM drive 2 is connected to the IDE interface controller 
34 via the ATAPI bus 35. The reboot program area 560 
in which the input control program M1, the erase/write 
control program M3 and the transfer control program M4 
45 are stored and the user program area 561 in which the 
application program M2 is stored are assigned to mutu- 
ally different memory blocks. 

[0099] As shown in Fig. 11, if the application pro- 
gram is to be rewritten, for example, an operator resets 

so the CD-ROM drive 2 and presses the disk ejecting 
switch to set the forced reboot mode in the CD-ROM 
drive 2. For example, a floppy disk FD stores an applica- 
tion program which is bug-fixed or upgraded from an 
older version, and a utility program for writing the appli- 

55 cation program into the CD-ROM drive 2. The utility pro- 
gram is transfer software for transferring the application 
program to the CD-ROM drive 2. The operator inserts 
the floppy disk FD into the floppy disk drive of the per- 
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sonal computer 30 to activate the utility program. The 
utility program may also be stored in the hard disk 36. 
[0100] When a key manipulation or the like is per- 
formed on the personal computer 30 in accordance with 
an instruction given by the activated transfer software, 
the microprocessor 31 of the personal computer 30 out- 
puts a write command for the flash memory 56 (or the 
aforementioned vendor unique command) via the IDE 
interface controller 34. The ATAPI interface circuit 4 rec- 
ognizes the write command, and supplies the interrupt 
signal 42 to the CPU 51 . Thus, the CPU 51 executes the 
input control program M1 and, first of all, clears the con- 
tents of the buffer RAM 16. 

[0101] As shown in Fig. 12, the microprocessor 31 
of the personal computer 30 outputs a new application 
program via the IDE interface controller 34 subse- 
quently to the write command. The CPU 51 executes 
the input control program M1. Thus, the CPU 51 
sequentially stores the application program supplied to 
the ATAPI interface circuit 4, into the buffer RAM 16. If 
parity is added to information sequentially supplied to 
the ATAPI interface circuit 4, a parity check is made, and 
retransfer of a data block corresponding to a data block 
having an error is requested. 

[0102] As shown in Fig. 13, after the new applica- 
tion program has been stored in the buffer RAM 16, the 
CPU 51 proceeds to execution of the transfer control 
program M4. Thus, the CPU 51 transfers the erase/write 
control program M3 to the work RAM 57 of the micro- 
computer 5. 

[0103] As shown in Fig. 14, after the transfer of the 
erase/write control program M3 to the work RAM 57 has 
been completed, the CPU 51 proceeds to execution of 
the erase/write control program M3 stored in the work 
RAM 57. A block to be erased at this time is specified in 
accordance with the erase/write control program M3. In 
addition, during this time, a high voltage for writing and 
erasing is being supplied to the microcomputer 5. When 
the erase/write control program M3 is executed, first, 
the user program area 561 of the flash memory 56 is 
erased, and the result of erasure is verified. Then, as 
shown in Fig. 15, the CPU 51 performs both the opera- 
tion of sequentially writing the new application program 
which is stored in the buffer RAM 16 as a new reproduc- 
ing control program, into the user program area 561 of 
the flash memory 56, and the operation of verifying the 
written result. Writing addresses and the like are speci- 
fied by the erase/write control program M3, but this 
specifying method is not a limiting example. 
[0104] After the end of the writing operation, when 
the CD-ROM drive 2 is reset, the CD-ROM drive 2 can 
perform reproduction control on CD-ROM in accord- 
ance with the updated application program. 
[0105] Fig. 16 schematically shows a flowchart of 
the operation of rewriting the user program area. When 
the transfer software is activated, the CPU 51 transfers 
to the buffer RAM 16 the new application program sup- 
plied from the microprocessor 31 via the ATAPI interface 



circuit 4, and transfers the erase/write control program 
M3 to the work RAM 57 (S20). During transfer, the CPU 
51 makes a parity check or a sum check to monitor the 
presence or absence of an abnormal transfer (S21). If 

s an abnormal transfer is detected, the CPU 51 retrans- 
fers the corresponding application program. When the 
transfer of the new application program to the buffer 
RAM 16 and the transfer of the erase/write control pro- 
gram M3 to the work RAM 57 have been completed, the 

10 user program area 561 of the flash memory 56 is erased 
(S22), and then, the new application program trans- 
ferred to the buffer RAM 16 is written into the user pro- 
gram area 561 of the flash memory 56 (S23). Then, the 
written data is verified (S24). 

15 [0106] Needless to say, the above-described 
processing of rewriting the user program area 561 can 
be performed with the host 3 by a CD-ROM drive maker, 
but the processing shown in Figs. 10 to 16 can also be 
placed as a method which allows a personal-computer 

20 maker to reinstall a bug-fixed application program in the 
user program area 561 during a period of time in which 
the personal-computer maker evaluates the CD-ROM 
drive 2 on the personal computer 30 in which, for exam- 
ple, the CD-ROM drive 2 is mounted as standard equip- 

25 ment. 

[0107] As described above with reference to Figs. 
10 to 16, during the rewriting of the user program area 
561 of the CD-ROM drive 2, the PC board 37 of the per- 
sonal computer 30 serves as the host, and the applica- 

30 tion program in the CD-ROM drive 2 can be rewritten via 
the PC board 37. Accordingly, it is possible to change 
the whole or part of the application program of the CD- 
ROM drive 2, such as the reproducing control program 
and the interface control program, by using the micro- 

35 processor 31 without removing the CD-ROM drive 2 
from the personal computer 30. 
[0108] Accordingly, in the present situation in which 
the cycle of change of reproducing speed in the CD- 
ROM drive 2 is extremely short and the CD-ROM drive 

40 2 is mounted in the personal computer 30 as standard 
equipment so that a CD-ROM drive maker must prepare 
application programs for the CD-ROM drive 2, which 
have different specifications for individual personal- 
computer makers, a personal-computer maker can eval- 

45 uate the CD-ROM drive 2 which is incorporated in the 
personal computer 30, while receiving a bug-fix or an 
additional function relative to the application program 
from the CD-ROM drive maker throughout the period of 
evaluation of the CD-ROM drive 2. As described previ- 

50 ously, the CD-ROM drive 2 is provided with means such 
as efficient rewriting processing for the user program 
area 561 and the capability to rapidly recover from an 
abnormality during rewriting processing and return to 
the rewriting processing, so that, throughout the period 

55 of evaluation of the CD-ROM drive 2, the personal-com- 
puter maker can efficiently rewrite the contents of the 
flash memory 56 built in the microcomputer 5 with a 
modified application program. Accordingly, the per- 
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sonal-computer maker can shorten the period of evalu- 
ation of disk drives. 

[0109] Thus, in the present situation in which the 
cycle of change of reproducing speed in the CD-ROM 
drive 2 is extremely short, the personal-computer maker 
can efficiently market the personal computer 30 which is 
provided with the CD-ROM drive 2 having a faster 
reproducing speed. 

[0110] In addition, even if an OS (Operating Sys- 
tem) for the personal computer is modified (upgraded 
from an older version), it is possible to rapidly make a 
correction which is required to reflect an interface func- 
tion which processes commands relative to the modified 
OS, onto an interface control program of an application 
program. 

[0111] The application program can be supplied 
from a company which manufactures or sells the CD- 
ROM drive 2 to a personal-computer maker or a com- 
pany which sells a personal computer, or from the per- 
sonal-computer maker or the company which sells a 
personal computer to an end user of the personal com- 
puter, through communications means such as the 
Internet. Accordingly, it is possible to instantaneously 
send the application program to the personal-computer 
maker, the company which sells the personal computer, 
or the end user of the personal computer. Accordingly, if 
the personal computer 30 is provided with hardware or 
software for gaining access to the Internet, a reproduc- 
ing control program which is bug-fixed or upgraded from 
an older version can be easily reinstalled in the user 
program area 561, whereby not only is it possible to 
shorten the period of evaluation of the CD-ROM drive by 
the personal-computer maker, but also the end user can 
easily change the functions of the CD-ROM drive. 

((Downloading of Erase/Write Control Program >> 

[0112] In the above-described construction, the 
erase/write control program M3 is disposed in the user 
program area 561 of the flash memory 56, and the 
erase/write control program M3 is internally transferred 
from the user program area 561 so that the CPU 51 exe- 
cutes the transferred program. However, the erase/write 
control program M3 may not be stored in the flash mem- 
ory 56, and may be downloaded to the work RAM 57 via 
the host 3 or the PC board 37 each time the user pro- 
gram area 561 is rewritten. In this case, since the flash 
memory 56 does not hold the erase/write control pro- 
gram, even if the CPU 51 runs away and accidentally 
executes the program stored in the flash memory 56, 
there is no risk that the flash memory 56 is erroneously 
rewritten. 

[0113] Figs. 17 to 22 sequentially shows the opera- 
tion of rewriting the application program of the CD-ROM 
drive 2 which is mounted in the personal computer 30, 
in the case where the flash memory 56 does not hold 
the erase/write control program M3. In each of Figs. 17 
to 22, the CD-ROM drive 2 is shown on an enlarged 



scale outside the case 38 of the personal computer 30. 
[0114] Fig. 17 shows an initial state, and the CD- 
ROM drive 2 is connected to the IDE interface controller 
34 via the ATAPI bus 35. The erase/write control pro- 

5 gram M3 is not stored in the reboot program area 560. 
[0115] As shown in Fig. 18, if the application pro- 
gram is to be rewritten, for example, an operator resets 
the CD-ROM drive 2 and presses the disk ejecting 
switch to set the forced reboot mode in the CD-ROM 

10 drive 2. For example, the floppy disk FD stores an appli- 
cation program which is bug-fixed or upgraded from an 
older version, an erase/write control program to be exe- 
cuted by the CPU 51 to write the application program 
into the user program area 561, and a utility program to 

15 be executed by the microprocessor 31 to cause the 
CPU 51 to execute the processing of rewriting the user 
program area 561 . The utility program is transfer soft- 
ware for transferring the application program and the 
erase/write control program to the CD-ROM drive 2. The 

20 operator inserts the floppy disk FD into the floppy disk 
drive of the personal computer 30 to activate the trans- 
fer software. The utility program may also be stored in 
the hard disk 36. 

[0116] When a key manipulation or the like is per- 

25 formed on the personal computer 30 in accordance with 
an instruction given by the activated transfer software, 
the microprocessor 31 of the personal computer 30 out- 
puts a write command for the flash memory 56 (or the 
aforementioned vendor unique command) via the IDE 

30 interface controller 34. The ATAPI interface circuit 4 rec- 
ognizes the write command, and supplies the interrupt 
signal 42 to the CPU 51 . Thus, the CPU 51 executes the 
input control program M1 and, first of all, clears the con- 
tents of the buffer RAM 16. 

35 [0117] As shown in Fig. 19, the microprocessor 31 
of the personal computer 30 outputs a new application 
program and the erase/write control program via the 
IDE interface controller 34 subsequently to the write 
command. The CPU 51 executes the input control pro- 

40 gram Ml Thus, the CPU 51 sequentially stores the 
application program and the erase/write control pro- 
gram supplied to the ATAPI interface circuit 4, into the 
buffer RAM 16. 

[0118] As shown in Fig. 20, after the new applica- 
45 tion program and the erase/write control program have 
been stored in the buffer RAM 16, the CPU 51 proceeds 
to execution of the transfer control program M4. Thus, 
the CPU 51 internally transfers the erase/write control 
program M3 from the buffer RAM 16 to the work RAM 
so 57 of the microcomputer 5. 

[0119] Then, as shown in Fig. 21, the CPU 51 pro- 
ceeds to execution of the erase/write control program 
M3 stored in the work RAM 57. A block to be erased at 
this time is specified in accordance with the erase/write 
55 control program M3. In addition, during this time, a high 
voltage for writing and erasing is being supplied to the 
microcomputer 5. When the erase/write control program 
M3 is executed, first, the user program area 561 of the 
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flash memory 56 is erased, and the result of erasure is 
verified. Then, as shown in Fig. 22, the CPU 51 per- 
forms both the operation of sequentially writing the new 
application program which is stored in the buffer RAM 
16, into the user program area 561 of the flash memory 
56, and the operation of verifying the written result. After 
the end of the writing operation, when the CD-ROM 
drive 2 is reset, the CD-ROM drive 2 can perform repro- 
duction control on CD-ROM in accordance with the 
updated application program. 

< (Checksum against User Program Area)) 

[0120] The setting of the above-described forced 
reboot mode requires the manipulation of the disk eject- 
ing switch. In the following description, reference will be 
made to the CD-ROM drive 2 which makes it possible to 
set not only the forced reboot mode but also an opera- 
tional mode capable of rewriting the user program area 
561. 

[0121] Unlike the user program area 561 shown in 
Fig. 2, the user program area 561 shown in Fig. 23 has 
a memory area defined as a sum storing area M21 
which stores the sum of the information held in the other 
memory area. Writing of a sum to the sum storing area 
M21 is performed each time writing to the user program 
area 561 is performed. Similarly to the reboot program 
area 560 described previously with reference to Fig. 2, 
the reboot program area 560 has an area which stores 
the reset vector BCT1, the reset processing program 
PRG1 and the like. 

[0122] Fig. 24 shows a flowchart of the operation of 
making the user program area 561 rewritable on the 
basis of the sum at the time of reset. 
[0123] If a reset interrupt occurs, the CPU 51 
responds to a reset instruction and proceeds to execu- 
tion of the reset processing program PRG1 by referring 
to the reset vector BCT1 (S30), and initializes the micro- 
computer 5 and its peripheral circuits (S31). 
[0124] Then, the CPU 51 determines whether the 
forced reboot mode capable of responding to a rewrite 
command has been selected (S32). If the disk ejecting 
switch has been pressed, it is determined that the 
forced reboot mode has been selected. If the forced 
reboot mode has been selected, the CPU 51 proceeds 
to execution of the reboot program after receiving the 
rewrite command, as described previously with refer- 
ence to Figs. 2 and 3. Specifically, the CPU 51 sets a 
reboot flag (S33), activates the reboot program after 
receiving the input of the rewrite command (S34), and 
writes a new application program into the user program 
area 561 as described previously (S35). At the end of 
this processing, the CPU 51 computes the sum of the 
data stored in the user program area 561 and stores the 
sum in the sum storing area M21. 
[0125] If it is not determined in Step S32 that the 
forced reboot mode has been selected, the CPU 51 
computes a sum as to the user program area 561 (S36) 



and determines whether the computed value coincides 
with the sum stored in the sum storing area M21 (S37). 
[0126] If it is determined in Step S37 that the com- 
puted value does not coincide with the sum, the CPU 51 

5 proceeds to execution of the reboot program after 
receiving the input of the rewrite command. If it is deter- 
mined in Step S37 that the computed value coincides 
with the sum, the CPU 51 refers to the secondary vector 
table (S38) and proceeds to the state of being able to 

10 execute a program stored in the user program area 561 
(S39). 

[0127] In this manner, if the program in the user pro- 
gram area 561 is accidentally rewritten by an abnormal- 
ity of the host 3, the CD-ROM drive 2 or the like, the 

15 operation of the CPU 51 can be made to self-diagnosti- 
cally proceed to the state of being able to rewrite the 
user program area 561, merely by being reset, even if 
the forced reboot mode is not specified. Accordingly, it is 
possible to prevent the malfunction of the CD-ROM 

20 drive 2. 

( (Another Example of Configuration of Programs)) 

[0128] In the above description, the application pro- 
25 gram is disposed in the user program area 561 of the 
flash memory 56, and the reboot program is disposed in 
the reboot program area 560. However, the configura- 
tion of the programs in the CD-ROM drive 2 can be 
changed as follows. As shown in Fig. 25 by way of 
30 example, a vector table may be disposed in the work 
RAM 57. If the vector table is incorporated in a RAM, it 
becomes easy to dynamically change the contents of 
the vector table according to each operational mode of 
the CPU 51. 

35 [0129] Fig. 26 shows another example of the 
address map of the flash memory 56. In the example 
shown in Fig. 26, the reset processing program PRG1 
prescribes for a sum check, the processing of detecting 
the manipulation of a forced reboot mode SW (the disk 

40 ejecting switch), and the like. A boot processing pro- 
gram M23 contained in the user program area 561 pre- 
scribes for the same processing as each of the 
programs PRG2, M1, M3 AND M4 stored in the reboot 
program area 560. Specifically, even if the CPU 51 is the 

45 state of being able to execute the application program of 
the user program area 561, the CPU 51 can accept a 
rewrite command and rewrite the user program area 
561. In this case, neither the manipulation of the disk 
ejecting switch nor a sum check is needed. 

50 

( (Manner of Writing to Flash Memory)) 

[0130] A writing operation for the reboot program 
area 560 and the user program area 561 of the above- 
55 described flash memory 56 will be described below in 
association with the processing performed by a CD- 
ROM drive maker (drive maker) and that performed by a 
PC maker (personal-computer maker). 
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[0131] Fig. 27 is a flowchart showing the sequence 
of manufacture of the CD-ROM drive 2 by a CD-ROM 
drive maker. 

[0132] The CD-ROM drive maker purchases the 
microcomputer 5 from an LSI maker, and assembles the 
CD-ROM drive 2. Its circuit portion is arranged on a 
printed circuit board (PCB) (S40). At this time, a pro- 
gram is written into the reboot program area 560 of the 
flash memory 56 built in the microcomputer 5 in any one 
of the following manners: the manner in which the CD- 
ROM drive maker performs writing with an EPROM 
writer (S41); the manner in which a semiconductor 
maker performs writing in the process of manufacturing 
the microcomputer 5 (S42); and the manner in which 
after the microcomputer 5 is mounted on the printed cir- 
cuit board (S43), the microcomputer 5 is set to a boot 
mode and writing is performed (S46). 
[01 33] If writing is to be performed with the EPROM 
writer, a port 581 (not shown in Fig. 1) which interfaces 
the internal bus 58 of the microcomputer 5 with the out- 
side is connected to an EPROM writer 582, as shown in 
Fig. 31 by way of example. The EPROM writer 582 
applies writing high voltage to the microcomputer 5, and 
sets the microcomputer 5 to a program mode. Since the 
microcomputer 5 which has been set to the program 
mode is regarded as matter similar to a flash memory 
LSI by the EPROM writer 582, the EPROM writer 582 
becomes able to rewrite the built-in flash memory 56 of 
the microcomputer 5 from the outside. In this state, the 
reboot program or the like is initially written into the 
reboot program area 560 of the flash memory 56 by the 
EPROM writer 582 (S41). After the reboot program has 
been written into the reboot program area 560 of the 
microcomputer 5, the microcomputer 5 is mounted on 
the printed circuit board of the CD-ROM drive 2 (S44). 
Incidentally, in Fig. 31, identical reference numerals are 
used to denote circuit blocks identical to those shown in 
Fig. 1. 

[0134] If writing to the reboot program area 560 of 
the microcomputer 5 has already been completed by 
the LSI maker (S42), the microcomputer 5 is mounted 
on the printed circuit board of the CD-ROM drive 2 
(S45). 

[0135] After the microcomputer 5 has been 
mounted on the printed circuit board, if it is desired to 
set the microcomputer 5 to the boot mode and write the 
program into the reboot program area 560 (S46), con- 
trol is performed by a host 584 connected to the micro- 
computer 5 via a serial port 583 such as RS23C, as 
shown in Fig. 30 by way of example. The microcomputer 
5 shown in Fig. 30 has a construction in which a SCI cir- 
cuit 585, a boot ROM 586 and a port 587 are added to 
the microcomputer 5 shown in Fig, 1. When writing high 
voltage 588 and a boot mode signal 589 are supplied 
from the SCI circuit 585 to the microcomputer 5 via the 
port 587, the CPU 51 executes the boot program of the 
boot ROM 586. By executing the boot program, the 
CPU 51 totally erases the flash memory 56 and initial- 



izes the SCI circuit 585 so that the microcomputer 5 can 
interface with the host 584 via the serial port 583. The 
CPU 51 performs control to write programs supplied 
from the host 584 into the reboot program area 560 of 

5 the flash memory 56. Thus, programs such as a reboot 
program of the type described previously with reference 
to Fig. 2 are written into the reboot program area 560 of 
the flash memory 56. Incidentally, the speed of the writ- 
ing operation using the serial port 583 is generally slow 

10 because of its nature. In this case, the serial port 583 
which is not directly used for a disk accessing operation 
must be especially disposed on the circuit board of the 
CD-ROM drive 2, so that attention must be paid to the 
fact that the physical scale of the circuit board of the CD- 

15 ROM drive 2 becomes larger. If priority is given to a 
reduction in the physical scale of the CD-ROM drive 2, it 
is preferable not to dispose an arrangement for writing a 
program via the serial port 583. 
[0136] After the reboot program area 560 of the 

20 flash memory 56 has been initialized in any one of the 
above-described steps S44, S45 and S46, the micro- 
computer 5 is reset, and the forced reboot program 
mode is set so that writing to the user program area 561 
is performed (S47). Then, when a write command is 

25 issued from the host 3, the reboot program is activated 
and the application program such as an application pro- 
gram is written into the user program area 561 (S48). It 
is determined whether the application program has 
been normally written (S49), and if an abnormality is 

30 detected, the reboot program is again activated (S50). If 
the application program has been normally written, the 
microcomputer 5 is made to execute the written applica- 
tion program to perform an operation test on the CD- 
ROM drive 2 (S51). If no abnormality is found in the CD- 

35 ROM drive 2 in the operation test, the CD-ROM drive 2 
is delivered to the PC maker (S52). 
[01 37] It is to be noted that writing to the reboot pro- 
gram area 560 of the flash memory 56 and writing to the 
user program area 561 of the same may be performed 

40 not separately but all together, as shown in Fig. 29 by 
way of example. Specifically, in Step S41Ashown in Fig. 
29, all the programs are written into the reboot program 
area 560 and the user program area 561 of the flash 
memory 56 by using the EPROM writer. In Step S42A, 

45 the LSI maker which manufactures the microcomputer 5 
writes all the programs. In Step S43A, the CD-ROM 
drive maker writes all the programs by using the boot 
mode of the microcomputer 5. 
[0138] Fig. 28 is a flowchart showing one example 

so of the sequence of evaluation of the personal computer 
by the PC maker using the CD-ROM drive 2 delivered 
by the CD-ROM drive maker. 

[0139] The PC maker incorporates the CD-ROM 
drive 2 delivered by the CD-ROM drive maker into the 
55 corresponding personal computer 30 (S53). At this time, 
the CD-ROM drive 2 is connected to the IDE interface 
controller 34 of the PC board 37 via the ATAPI interface 
circuit 4. In this state, the PC maker accesses the CD- 
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ROM drive 2 and performs evaluation on the CD-ROM 
drive 2, while causing the microprocessor 31 of the per- 
sonal computer 30 to execute a required test program, 
an arbitrary application program. During this evaluation, 
the PC maker checks whether a bug is contained in the 
application program of the CD-ROM drive 2 (S54), and 
also checks whether the application program includes a 
portion having specifications to be changed by the PC 
maker (S55). If there is no bug and the specifications 
need not be changed, personal computers of the same 
type are evaluated as products which can be combined 
with the CD-ROM drive 2 without any problem. The PC 
maker incorporates the CD-ROM drive 2 into a personal 
computer of this type and delivers the personal compu- 
ter to an end user (S61). 

[0140] On the other hand, if a bug is detected in 
Step S54 and a specification to be changed is detected 
in Step S55, information about the bug and the specifi- 
cation to be changed is transmitted to the CD-ROM 
drive maker. At this time, the PC maker does not need 
to remove the CD-ROM drive 2 itself from the personal 
computer 30 and send back the CD-ROM drive 2 to the 
CD-ROM drive maker. 

[0141] The CD-ROM drive maker corrects the appli- 
cation program in accordance with the information 

(556) . The corrected application program is transmitted 
to the PC maker, for example, via the Internet or the like 

(557) . The transmitted corrected application program 
can be received by the personal computer which is used 
in actual evaluation. Then, the received corrected appli- 
cation program is written into the flash memory 56 of the 
CD-ROM drive 2 (S58). As described previously in 
detail, by setting the microcomputer 5 to the forced 
reboot mode, it is possible to immediately perform the 
writing operation in the personal computer 30 itself. It is 
determined whether the corrected application program 
has been normally written (S59), and if an abnormality 
is detected, the reboot program is again activated 
(S60). If the corrected application program has been 
normally written, the evaluation of this type of personal 
computer is completed. In this manner, even if the appli- 
cation program has a bug or the PC maker is to change 
the specifications of the application program, the cor- 
rected application program can be easily reinstalled in 
the CD-ROM drive 2, whereby the CD-ROM drive 2 can 
be evaluated in a short time period in the state of being 
incorporated in the personal computer 30. 

[0142] Before the delivery of the personal compu- 
ter, if required, the PC maker may reinstall the corrected 
application program in the CD-ROM drive 2 or the PC 
maker itself may write the PC maker's unique informa- 
tion (ID (identification) information of the CD-ROM drive 
2) into the flash memory 56. Thus, the personal compu- 
ter is delivered to an end user (S61). 
[0143] Although the present invention made by the 
present inventor has been specifically described herein- 
above with reference to the embodiment, the prevent 
invention is not limited to only the embodiment, and it is 



needless to say that various modifications can be made 
without departing from the scope and spirit of the 
present invention. 

[0144] For example, the manner of setting of the 

s reboot mode is not limited to the above-described 
example, and the reboot mode can also be set with only 
a vendor unique command. In this case, by using the 
decoding result of the vendor unique command, it is 
possible to transfer the processing of a CPU to a user 

w reboot program. If an application program is to be writ- 
ten into a nonvolatile memory for the first time on a 
mass production line for a stored information reproduc- 
ing apparatus, control may be transferred to the user 
reboot mode by detecting through software a state in 

15 which nothing is stored (for example, all bits have logic 
0s or 1s) in a secondary vector table placed at the lead- 
ing end of the application program. In addition, a prede- 
termined block of a flash memory may be constructed of 
two banks so that either bank can be used as a rewrite- 

20 inhibited area. Switchover between the banks is linked 
to the setting of the user reboot mode, and a block on a 
write-inhibited side is used during the user reboot 
mode. The above-described sum may also be obtained 
not only by simply summing the data of the user pro- 

25 gram area but also by summing the data through appro- 
priate logic. 

[0145] Incidentally, the reboot program means an 
initial program for writing or rewriting the application 
program. Accordingly, it may also be understood that 
30 the initial program is stored in the reboot program area. 

Industrial Applicability 

[0146] As is apparent from the foregoing descrip- 
35 tion, the disk drive according to the present invention 
can be widely applied to not only CD-ROM drives but 
also other recorded information producing apparatus or 
information recording/reproducing apparatus. Such disk 
drive can be mounted in not only personal computers 
40 but also a wide variety of computers such as worksta- 
tions and office computers irrespective of their names. 

Claims 

45 1 . A disk drive comprising: access means accessing a 
disk which is rotational ly driven; an interface circuit 
connected to said access means and interfaced 
with an outside; and a microcomputer which con- 
trols an operation of said access means and which 
so is connected to said interface circuit, 

said microcomputer including one semiconduc- 
tor substrate having an electrically erasable 
and programmable nonvolatile semiconductor 
55 memory and a central processing unit which 

accesses said nonvolatile semiconductor 
memory, 

said nonvolatile semiconductor memory having 
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a reboot program area and an application pro- 
gram area in its memory area, 
said application program area having an area 
which stores an application program to be exe- 
cuted by said central processing unit to control 5 
said access means and said interface circuit, 
said reboot program area having an area which 
stores a reboot program which causes said 
central processing unit to execute processing 
for rewriting said application program area, 10 
said central processing unit executing said 
reboot program to rewrite said application pro- 
gram area in whole or part, in response to a 
rewrite command for said application program 
area which is supplied to said interface circuit 15 
from the outside, or executing said application 
program stored in said application program 
area to control said access means and said 
interface circuit, in response to a disk access 
command supplied to said interface circuit from 20 
the outside. 

2. A disk drive according to claim 1, wherein said 
reboot program includes an input control program, 

a rewrite control program and a transfer control pro- 25 
gram, 

said central processing unit which responds to 
the rewrite command providing control to exe- 
cute said input control program and fetch said 30 
application program which is, in whole or part, 
supplied to said interface circuit from the out- 
side, execute said transfer control program and 
transfer said rewrite control program from said 
reboot program area to a built-in RAM of said 35 
microcomputer, and execute said rewrite con- 
trol program transferred to said built-in RAM 
and write said application program fetched in 
whole or part, into said application program 
area. 40 

3. A disk drive according to claim 1, wherein said 
reboot program includes an input control program 
and a transfer control program, 

45 

said central processing unit which responds to 
the rewrite command providing control to exe- 
cute said input control program and fetch said 
write control program and said application pro- 
gram which is, in whole or part, supplied to said so 
interface circuit from the outside, execute said 
transfer control program and transfer said 
fetched rewrite control program to a built-in 
RAM of said microcomputer, and execute said 
rewrite control program transferred to said 55 
built-in RAM and write said application program 
fetched in whole or part, into said application 
program area. 



4. A disk drive according to claim 2 or 3, wherein said 
reboot program further includes an area which 
stores a vector table and a reset processing pro- 
gram, 

said central processing unit, in response to a 
reset instruction, proceeding to execution of 
said reset processing program by referring to 
said vector table, and, during the execution of 
said reset processing program, determining 
whether said central processing unit is in a 
forced reboot state capable of responding to 
the rewrite command; when in the forced 
reboot state, said central processing unit pro- 
ceeding to execution of said reboot program 
after receiving an input of the rewrite com- 
mand; when not in the forced reboot state, said 
central processing unit proceeding to a state of 
being able to execute said application program 
stored in said application program area. 

5. A disk drive according to claim 2 or 3, wherein said 
application program area further includes in a 
memory area thereof a sum storing area which 
stores a sum of information held in another memory 
area, 

said reboot program area further having an 
area which stores a vector table and a reset 
processing program, 

said central processing unit, in response to a 
reset instruction, proceeding to execution of 
said reset processing program by referring to 
said vector table, and, during the execution of 
said reset processing program, determining 
whether said central processing unit is in a 
forced reboot state capable of responding to 
the rewrite command; when in the forced 
reboot state, said central processing unit pro- 
ceeding to execution of said reboot program 
after receiving an input of the rewrite com- 
mand; when not in the forced reboot state, said 
central processing unit determining whether 
the sum stored in said sum storing area coin- 
cides with a sum of the information held in said 
other memory area; if it is not determined that 
both sums coincide with each other, said cen- 
tral processing unit proceeding to execution of 
said reboot program after receiving an input of 
the rewrite command; if it is determined that 
both sums coincide with each other, said cen- 
tral processing unit proceeding to a state of 
being able to execute said application program 
stored in said application program area. 

6. A disk drive according to claim 1 , wherein said non- 
volatile semiconductor memory is a flash memory 
having a plurality of memory blocks each of which 
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constitutes a collectively erasable unit, said reboot 
program area and said application program area 
being assigned to mutually different memory 
blocks. 

5 

7. A disk drive according to claim 1, wherein said 
reboot program area holds a program written in a 
process of manufacturing said microcomputer. 

8. A disk drive according to claim 1 , further comprising 10 
means for inhibiting rewrite of said reboot program 
area. 

9. A disk drive according to claim 1, wherein said 
interface circuit has ATAPI interface specifications. 15 

10. A computer comprising: a main board including a 
microprocessor and a peripheral interface control- 
ler which are connected to a bus; and a disk drive 
according to claim 1, said disk drive being con- 20 
nected to said peripheral interface controller via 
said interface circuit included in said disk drive. 

11. A computer comprising: a main board including a 
microprocessor and an IDE interface controller 25 
which are connected to a PCI bus; and a disk drive 
according to claim 9, said disk drive being con- 
nected to said IDE interface controller via said inter- 
face circuit included in said disk drive. 

30 

12. A computer according to claim 11, wherein said 
main board and said disk drive are incorporated in 
one case. 

13. A computer comprising: a main board including a 35 
microprocessor and a peripheral interface control- 
ler which are connected to a bus; and a disk drive 
connected to said peripheral interface controller, 
said main board and said disk drive being incorpo- 
rated in one case, 40 

said disk drive including reproducing means 
reading and reproducing recorded information 
from a disk which is rotationally driven, an inter- 
face circuit which outputs information repro- 45 
duced by said reproducing means to said 
peripheral interface controller and also 
receives information supplied via said periph- 
eral interface controller, and a microcomputer 
connected to said reproducing means and said so 
interface circuit, 

said microcomputer including one semiconduc- 
tor substrate having a central processing unit 
and an electrically erasable and programmable 
nonvolatile semiconductor memory, 55 
said nonvolatile semiconductor memory having 
a reboot program area and an application pro- 
gram area in its memory area, 



said application program area having an area 
which stores an application program to be exe- 
cuted by said central processing unit to control 
said reproducing means and said interface cir- 
cuit, 

said reboot program area having an area which 
stores a reboot program which causes said 
central processing unit to execute processing 
for rewriting said application program area, 
said central processing unit executing said 
reboot program to rewrite said application pro- 
gram area in whole or part, in response to a 
rewrite command for said application program 
area which is supplied to said interface circuit 
via said peripheral interface controller, or exe- 
cuting said application program to control said 
reproducing means and said interface circuit, in 
response to a disk access command supplied 
to said interface circuit via said peripheral inter- 
face controller. 

14. A computer comprising: a PC board including a 
microprocessor and an IDE interface controller 
which are connected to a PCI bus; and a disk drive 
connected to said IDE interface controller, said PC 
board and said disk drive being incorporated in one 
case, 

said disk drive including: access means 
accessing a disk which is rotationally driven; an 
ATAPI interface circuit connected to said 
access means and connected to said IDE inter- 
face controller; and a microcomputer which 
controls an operation of said access means 
and which is connected to said ATAPI interface 
circuit, 

said microcomputer including one semiconduc- 
tor substrate having an electrically erasable 
and programmable nonvolatile semiconductor 
memory and a central processing unit which 
executes a program stored in said nonvolatile 
semiconductor memory, 
said nonvolatile semiconductor memory having 
a reboot program area and an application pro- 
gram area in its memory area, 
said application program area having an area 
which stores an application program to be exe- 
cuted by said central processing unit to control 
said access means and said ATAPI interface 
circuit, 

said reboot program area having an area which 
stores a vector table, a reset processing pro- 
gram and a reboot program which causes said 
central processing unit to execute processing 
for rewriting said application program area in 
whole or part, 

said central processing unit, in response to a 
reset instruction, proceeding to execution of 
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said reset processing program by referring to 
said vector table, and, during the execution of 
said reset processing program, determining 
whether said central processing unit is in a 
forced reboot state capable of responding to a 5 
rewrite command for said application program 
area which is supplied to said ATAPI interface 
circuit via said IDE interface controller; when in 
the forced reboot state, said central processing 
unit proceeding to execution of said reboot pro- 10 
gram after receiving an input of the rewrite 
command; when not in the forced reboot state, 
said central processing unit proceeding to a 
state of being able to execute said application 
program stored in said application program 15 
area. 

15. A computer comprising: a PC board including a 
microprocessor and an IDE interface controller 
which are connected to a bus; and a disk drive con- 20 
nected to said IDE interface controller, said PC 
board and said disk drive being incorporated in one 
case, 

said disk drive including: access means 25 
accessing a disk which is rotationally driven; an 
ATAPI interface circuit connected to said 
access means and connected to said IDE inter- 
face controller; and a microcomputer which 
controls an operation of said access means 30 
and which is connected to said ATAPI interface 
circuit, 

said microcomputer including one semiconduc- 
tor substrate having an electrically erasable 
and programmable nonvolatile semiconductor 35 
memory and a central processing unit which 
executes a program stored in said nonvolatile 
semiconductor memory, 
said nonvolatile semiconductor memory having 
a reboot program area and an application pro- 40 
gram area in its memory area, 
said application program area having an area 
which stores an application program to be exe- 
cuted by said central processing unit to control 
said access means and said ATAPI interface 45 
circuit, said application program area having in 
a memory area thereof a sum storing area 
which stores a sum of information held in 
another memory area, 

said reboot program area having an area which so 
stores a vector table, a reset processing pro- 
gram and a reboot program which causes said 
central processing unit to execute processing 
for rewriting said application program area in 
whole or part, 55 
said central processing unit, in response to a 
reset instruction, proceeding to execution of 
said reset processing program by referring to 



said vector table, and, during the execution of 
said reset processing program, determining 
whether said central processing unit is in a 
forced reboot state capable of responding to a 
rewrite command for said application program 
area which is supplied to said ATAPI interface 
circuit via said IDE interface controller; when in 
the forced reboot state, said central processing 
unit proceeding to execution of said reboot pro- 
gram after receiving an input of the rewrite 
command; when not in the forced reboot state, 
said central processing unit determining 
whether the sum stored in said sum storing 
area coincides with a sum of the information 
held in said other memory area; if it is not 
determined that both sums coincide with each 
other, said central processing unit proceeding 
to execution of said reboot program after 
receiving an input of the rewrite command; if it 
is determined that both sums coincide with 
each other, said central processing unit pro- 
ceeding to a state of being able to execute the 
application program stored in said application 
program area. 

16. A disk drive comprising: reproducing means read- 
ing and reproducing recorded information from a 
disk which is rotationally driven; an interface circuit 
which is interfaced with a host connected to said 
reproducing means; and a microcomputer which 
controls an operation of said reproducing means 
and which is connected to said interface circuit, 

said microcomputer including a central 
processing unit and an electrically erasable 
and programmable nonvolatile semiconductor 
memory, 

said nonvolatile semiconductor memory having 
an application program area which stores a 
program for controlling a reproducing operation 
of said reproducing means and an operation of 
said interface circuit, and a reboot program 
area in which rewriting of stored information is 
inhibited, 

said central processing unit executing a pro- 
gram of said reboot program in response to a 
reset instruction, and determining whether said 
central processing unit is in a forced reboot 
state capable of responding to a rewrite com- 
mand for said application program area, which 
is issued from said host; when in the forced 
reboot state, said central processing unit, after 
receiving an input of the rewrite command, pro- 
viding control to rewrite said application pro- 
gram area, in whole or part, with a program 
supplied to said interface circuit after the input 
of the rewrite command; when not in the forced 
reboot state, said central processing unit pro- 
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ceeding to a state of being able to execute the 
program stored in said application program 
area. 

17. A disk drive comprising: reproducing means read- s 
ing and reproducing recorded information from a 
disk which is rotationally driven; an interface circuit 
which is interfaced with a host connected to said 
reproducing means; and a microcomputer which 
controls an operation of said reproducing means 10 
and which is connected to said interface circuit, 



state of being able to execute the program 
stored in said application program area. 

18. A disk drive according to claim 16 or 17, wherein 
said nonvolatile semiconductor memory is a flash 
memory having a plurality of memory blocks each 
of which constitutes a collectively erasable unit, 
said reboot program area and said application pro- 
gram area being assigned to mutually different 
memory blocks. 

19. A disk drive according to claim 18, wherein said 
reboot program area holds a program written in a 
process of manufacturing said microcomputer. 

20. A computer comprising: a main board including a 
microprocessor and a peripheral interface control- 
ler which are connected to a bus; and a disk drive 
according to claim 16 or 17, said main board and 
said disk drive being incorporated in one case, said 
disk drive being connected to said peripheral inter- 
face controller via said interface circuit included in 
said disk drive. 



said microcomputer including a central 
processing unit and an electrically erasable 
and programmable nonvolatile semiconductor 15 
memory, 

said nonvolatile semiconductor memory having 
an application program area which stores a 
program for controlling a reproducing operation 
of said reproducing means and an operation of 20 
said interface circuit, and a reboot program 
area in which rewriting of stored information is 
inhibited, said application program area having 
in a memory area thereof a sum storing area 
which stores a sum of information held in 25 
another memory area, 

said reboot program area having an area which 
stores a vector table, a reset processing pro- 
gram and a reboot program which causes said 
central processing unit to execute processing 30 
for rewriting said application program area in 
whole or part, 

said central processing unit, in response to a 
reset instruction, executing a program stored in 
said reboot program area and determining 35 
whether said central processing unit is in a 
forced reboot state capable of responding to a 
rewrite command for said application program 
area which is issued from said host; when in 
the forced reboot state, said central processing 40 
unit, after receiving an input of the rewrite com- 
mand, providing control to rewrite said applica- 
tion program area, in whole or part, with a 
program supplied to said interface circuit after 
the input of the rewrite command; when not in 45 
the forced reboot state, said central processing 
unit determining whether the sum stored in 
said sum storing area coincides with a sum of 
the information held in said other memory area; 
if it is not determined that both sums coincide so 
with each other, said central processing unit, 
after receiving an input of the rewrite com- 
mand, providing control to rewrite said applica- 
tion program area, in whole or part, with a 
program supplied to said interface circuit after 55 
the input of the rewrite command; if it is deter- 
mined that both sums coincide with each other, 
said central processing unit proceeding to a 
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